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Proceedings o£ the inaugural meeting of the Indian Eoads 
Congress held at New Delhi on the 10th to 13th 
December 1934. 


The Indian Hoads Congress met at the Tonn Hall, New Belhi, at 
Eleven of the Clock, on Monday the 10th December 1934, The following 
delegates were present — 
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Bengal 
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United ProvinccB. 
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Mr. D. Macfarlane, Chief Engineer and Bccretary to Government, 
P. W. D.. Lahore 

Mr. S. G. Stubbs, O.B.E , Supenntending Engineer, Ambala. 

Mr. S. Bashiram, Executive En^neer, Ambala. 

Mr. G. W. D. Broaden, District Board Engineer, Gurdaepur. 

Burma, 

0. H. Toulon, Chief Engineer, P. "W. D., Bangocn. 

Mr. H Hughes, Superintending Engineer, Eangoon. 
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Bt/tar and Orissa. 

Mr J. G. Powell, Chief Engineer, P. W. I> . Pnlna 
Mr N, G. Dunbar, Deputy Chief Engineer, Patna, 

Captain G. P. Hall. M C., Superintending Engineer, Muznff.irpur. 
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Mr. H. A. Hyde, M.C., Chief Engineer, and Secretary to Govermnent, 
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Mr. P. V. Chance, Superintending Engineer, Baipur. 
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Mr. B. F. Taylor, V.D.. Oftg. Chief Engineer, Shillong. 

Mr G. Beid Shaw, Superintending Engineer, Shillong. 

Mr. K. E. L Pennell, Assistant Chief Engineer, Shillong. 

/'Vonficr Province. 

Mr O. A. M. Brown. O.B E . Superintending Engineer, D T Klmn. 


Delhi. 

Mr. S. N Chakrnvarty, Municipal Engineer 

Central P W. D 

Mr, A lircbuer, C.I E , Chief Engineer. 

Mr. r. T. Jones, C I.E., M.V.O , Superintending Engineer. 

Mr. A. Croad, Superintending Engineer, 

Sardar Bahadur Snrdnr T. S. Molik, C.I.E . Superintending Engineer. 
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Indian States. 


Hyderabad —Mr. II. M. Surati, Divisional Engineer, Hoads. 

.Mt/sore.— Diwan Bahadur N. N. Ayj'ongar, Chief Engineer and Secre- 
tary to Government, P. W , Railway and Electrical Departments. 

Givahor —Tiiw Bahadur S N Bhadun, Chief Engineer, (P. W. D.). 

Bflrodfl —Mr V R. Talvarkar, Ag. 'Chief Engineer 

Travancorc — Mr. G B. E. Tnisclitt. Chief Engineer. 

Patiala . — Rai Bahadur A. P Varma, Chief Engineer. 

Jodhpur . — Mr S G. Edgar, Superintending Engineer. 

Jaipur. — ^Mr. P. L. Bowers, C.I.E., M.C , State Engineer. 

Indore —Mr. G P. Bhandarltar. Chief Engineer. 

Bhavnagar . — Mr Ghooghari, Stato Engineer, 

Eol/iopur — Mr D. G. Sowani. Executive Engineer. 

Patna (Orisso State). — Mr. D. V. W. Ottley, Chief Engineer. 

Kashmir —Mr Kishen Chand, Chief Engineer. 

Business REPimsENTATivEs. 

Mr, G. L. W. Moss, Dunlop Rubber Company, Bombay. 

The Honourable Mr. E. Miller, J.P., President, The Indian Roads and 
Transport D.evelopment Association. 

Mr. E. O. Austin, Ford Slotor Company, Bombay. 

Mr. W. B. Gunnell, Chief Engineer, Ford & Macdonald, Ltd., 
Cawnpore. 

Mr. J. M. Fetters, William Jacks and Qo., Bombay. 

Mr. C. D. N. Jfeares, Standard Vacuum Oil Co., Calcutta. 

Mr. G. G. C. Adami, Burmnb Shell Company, Calcutta, 

itr. n. E. Ormerod, Vice-President, The Indian Roads and Transport 
Development Association. 
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Mr. W. 3 . Turiibulli tho Coucruto Atsbociution, Buinljiiy. 

3Ir. T. 0. MarBolialko, Texiis Company, Uombny. 

Mr. \V. II. Korr, Wiillacu anj Co., Bombay. 

Colotml G. JO. Sopw'itli, Tiiiucr Alornson iind Co., Cnloiittu. 

Mr. Nnrjniiliomocl M. Chinoy, Tiio Bombay Qarngu, Bombay. 

Mr. A. S. do Afollo, Gwalior and Nortbem India Transport Company 
I^ow Bclln. 

Mr. \V. II. Ilowlitudfi, Buimnli Slioll Company, Now DoHii. 

Jfr. W. Broflio, Biirmah Shell Oiiipany, JCnrnclii. 
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The Honourable Sit Frank Noyco, K.C S I., C.B.E.. I.C.S , Member 
for Industries and Labour, in opening the proceedings spoke as IoUoass.— 

Uevtlemex, 

I ha\e very great pleasure m welcoming you on behalf of the Govern*, 
ment of India and in wishing all success to your meeting. I trust thot 
none of you is any the worse for tlie strenuous tour Mr. Mitchell, who 
never spares himself and, I imagine, is equally unspanng of others, 
arranged for you last week and that you found it both mterestmg and 
instructive. 

This, I feel, IS an occasion the significance of which is worth empha* 
sismg as It may well mark the bcginnmg of an organisation of real value 
which should exercise a great influence on the development of road 
communications in India, not only m reganl to their quality but also 
in regard to their cost. I should like, at the outset, to emphasise the 
purely professional and scientific character of the agenda which has 
been placed before you. You ore not concerned with that very difficult 
problem, competition between road and rail transport; with the question 
to what extent development of our road systems ^ni loan funds is 
desirable; with economic planning and the like. Those are questions 
which will come up for consideration next month by the Transport 
Advisory Council which, hko your Congress, will then be meeting for 
the first time. You as Engineers arc concerned with technical rather 
than administrative questions and incidentally with the desirability of 
forming yourselves into a cootmuiog organisation for discussing them. 

I have thought it desirable to lay some stress on this point as I feel 
that there has been some misunderstanding about the precise scope and 
aims of this Congress which It is advisable to remove 

We have been distinctly embarrassed by the wealth of applications 
to attend this meeting. We could not possibly invite all those who 
desired to come All w© could do was to arrange to the best of our 
judgment for a reasonably representative meeting which could itself draw 
up proposals for the composition and organisation of future gatherings 
of this character I think we can claim that we have succeeded in our 
object 

There are her© to-day Chief Engineers and public works officers from 
every province and a number of States, officers of the Military Engmeeriug 
Services; Municipal and District Board Engineers; and last, but by r.o 
means least in importance, for I regard non-official co-operation in t!i-> 
matter as essential, representatives of the business side of road constru* - 
twn and road transport. I cannot but think that your verdict r<; >•<01/ 
the value of a permanent organisation and th© shape it should - 

w’lll be unhesitatingly accepted as authoritative. 

noces«arv’ to remind a gathering such as this tLa’, . . 
tn© dawn of history, roads liave been of the first importance to cm ^ju 
aud indeed a measure of it© progress. Our archieologists arc j t - m'j 

evidence of the truth of that statement. K\ ]' 

In 10 riinjab, they have found a model in copper of a two \ i-'" 

very similar to the bullock cart of th© present day. Wb*' *"/' 
enough for the Indian ryot four thousand years ago he pti’! •, . 

enough to-day. Inscriptions discovered at Babylon show i! i‘ , 
ago both Nebuchadnezzar and his father built roads “u' • r 
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made strong with bitumen and burnt briclw as a high lying road” — a tjpe 
ijf construction recently revived in tho Punjab and elsewhere in India. 

I should be more or less than human i£ 1 refrained from mentioning 
ihe Homan Road The Romans were empire builders m a difterent way 
than they realised and I hold it not too materialistic an interpretation 
of their achievement to say that all their gifts and bonds of law, language, 
literature, or administration would have been cither impossible or im- 
permanent had they not been bound together by their sjatem of roads. 
You know the Roman symbol which has been given so widespread and 
impressive a restoration of late years — ^the tods and axes. The rods are 
bound together and anything that is to last must have some bmdmg. A 
Rystem oi communications plays that part. As Hilaire B^loc puts it - 
•'It IS the road which is the channel of all trade and, what ig more 
important, of all ideas In its most humble function it is a necessary 
guide without which progress from place to place would be a ceaseless 
experiment; it is n sustenance without which organised society would be 
impossible; thus, and with those other characters I^have mentioned, the 
road moves and controls all history'*. 

The invention about a hundred years ago of a specialised form of road, 
the rail-road, duested the public highway for the time being oi much oi 
its importance But, a later invention, that of the internal combustion 
engine caused the pendulum to swing back again. Roads havo resumed 
ihcir place in the economic system and the commerce and industry that 
the railways have made possible have enormously increased the comple- 
mentary uses to w’hich they can now be put There heva in consequence 
been u great revival of interest in them, a revival which ha, brought 
into oxistenoo a whole sheaf of new problems. That brings me 
to some consideration of the character of these problems and the position 
of the Government of India in regard to them 


Ronds, as you all Imow , arc a provincial transferred subject but I 
tliink I may say tliat it was the realisation of their national importance 
winch ltd to n Resolution in both Houses of the Indian legislature in 
Tcbniary 1927, as a result of which the Indian Road Development Com- 
mittee (tho Jayakar Committee) was opi>ointcd. That Committee report- 
ed ill 1028 and their report has been tho basis of all that wc in tho 
Govornmoiit of India have since been able to do in this field. I am sure 


that most, if not all, of you have read H and that you will remember that, 
after stating tho reasons why tlie road eystem of India ought to be 
doM-lopod, the Committee suggested that the task was passing beyond 
the capacily of local Governments and local bodies and was bocomin*^ 
n matter of njtioiinl interest, cxpcndituic on which might to some e.\ten1 
be n proper charge on Central revenues. They therefore recommended 
a surcharge of two annas per gallon on petrol, and it is from this that 
the present Road Account derives Up so««lennnce. It is in accordance with 
Mjrnc or fl,, ,r oil, or rocoiomon, lotion. Hint port of llio ncoount lias boon 
plncn.l nl Hio ,li.no«nl of Hio Govomincnt of India—on Hie nMco of a 
Stand, no Oommiltro of the Central that from this 

reran I- proMnon n made for reiearel, ami exnerimeof Ti • , ' • ? 

inlereal to na to., lav to note Hint thee nrlvoca^ej nerloenj.i '' ”, 

«‘ne<-s to (li=eiiss. nmonc'<;l other Ihines tef»lin;A I ^ rond confer- 

ronatn,ch..„ „n,l .nainS^rnanVe relafine to road 



1 blioultl Uko, in passing, to o£foi a tribute to the roinaikablo couipro- 
liensioii ami foresight displayed m the report of this Comnuttco which 
laid well and trul\ the foundations of all that the Government of India 
h:ue lu'ou able to do in recent years to assist the provinces to develop 
their icvid communications 

In following their rocomnicndations wo wore handicapped to sumo 
evieiit hy the fact that the ammgemcnts they suggested wore introduced 
in the first instvUico for five years only Dmitig tliat tuiio wo thought 
it best to rontine ourselves to immodiato problems and to avoid elaborating 
n slructiire wliicli might shortly liavo to be dismantled. Wo made certain 
grants fiom time to time for various e^perlments, in the magazine 
“Indian Ilaads" wc endeavoured to provide n medium for the distribution 
of useful technical information; and when the Hoad Conference of 1931 
met, wo arranged for technical committees to discuss certain matters 
Our activities were also to Romo extent hampered by pre-occupations 
arising out of tlie enquirj* into competition between road and rail 
transport and the conference of 1933 winch met to discuss its results. 
Wc were fully and uneasily aware that wo were not wholly keeping pace 
with the requirements of tho situation but wo preferred to wait until 
we could plan our w-orl* with some hope of permanence. Tiio Hesolution 
adopted by the Central Legislature in April last providing for tho contimia. 
tion of the Road Account without any specified period of tinie has naturally 
altered our outlook. One of tho first things we did after it was passed 
was to consult Local Governments in regard lo the convening of this 
Congress 

A layman ueier finds himself in a more diflicult position than when 
ho has to talk to a meeting of experts and I trust you will need no 
iisaurnnce fiom me that it is with becoming difTidenco that I advance 
a few suggestions iis to wavs m which the science of road building in 
India might be advanced. When experiments liavo to bo carried or* 
ordinary roads, particularly in tho use of the more durable materials, 
it takes a long time to secure data of real value. On tho other hand, 
a test track should enable such data to bo forthcoming in a comparatively 
short time Is it desirable that such a tiack should bo provided pcsslble 
as part of a complete experimental station with laboratory equipment? 
In other countries, much laboratory rcisoarch woik has been done on the 
physical and chemical properties of various i^ad making materials upon 
which are b.ssod certain standard specifications. I)o wo need similar 
research and specifications specially adapted to our varying conditions 
of climate? The scientific study of soils in their relation to earth roads 
and road fmmd.ations has up fo the present been almost wholly neglected 
in inuc. Should this he promoted by research scholarships and in other 
wavs. Is it desirable that more should bo done in tho way of sending 
our >ooiig Engiuoors to study the science of ro.ad making in other 
coun rifs . It seeing to nio that it is only by giving this Congress n perma- 
nen kS anding that we can ensure not only scientific discussion and tho 
r o iiig of knowledge but also the expression of infoimed opinion on 
^nch as these, and that an Indian Roads Congress by its animal 
mgs and the deliberations of special committees could be of immense 
directing research and rc5c.areh poliev and in standardising speci- 
fications and practice. " 

®ome who think with tho impending change in’ 

«« itution and the advent of provincial nutonoinv, there will bo 

< or conferences such ns this. Tliat is a view which I have always 
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strongly resisted. Provincml autonomy does not and should not mean 
provincial isolation with all ds attendant evils of du])licntcd experimont 
and ^\astc of effort. In the India of the future as I see it, there will bo 
an even greater need than there K to-day for common meeting ground 
for Provinces and States. T feel most strongly that everv link that can 
bo forged between tliem now will pro\e its binding value in the years to 
come. It Is rny hope that you "will to-day forge another link to add to 
these which already exist — sueli bodies as the Imperial Council of Agri- 
cultural Pesenrch and one which will shortly begin to function, the 
Advisory Council attached to the Bureau of Industrial Intelligence 

and Research. The United States of America, a federal country in which 
the States are very jealous of their rights has set the Federal India of 
wc hope, the near future an example m this respect in its Highway 
Research Board. 

That brings me more specifically to the question of jour future organi- 
zation. You will be invited this momiug to consider and expiess your 
opinion on two main questions m regard to it. Firstly do you consider 
that any poimanent organisation to promote meetings of this sort is neces- 
sary'^ and, secondly, if you do, what, in general tenns, should be the 
nature of that organisation? I must say quite plainly that the paper on 
this subject which has been placed before you does not represent the 
opinion of the Goveinment of India It has not even been considered by 
tliem. It purports to pub certain considerations and some sketch pro- 
posals before you and it invites you to express your views in general 
terms nnd_ to nominate a committe to make definite proposals for your 
consideration. If you decide that a permanent organisation is required, 
you will not expect me to say more than that I think the probabilities ore 
that we should agree mth you. Tf your proposals appear to us to be 
fiouTid and reasonable, as I have every hope they mil be, we shall 
consider, in consultation with Local Governments, whether we cannot 
assist you. We are provisionally of tho opinion that your organisation 
should be largely self-contained and it is for that reason that we have 
left it to you to make your own suggestions T realise that, in the busy 
days before you, it mav not bo possible for you to complete your 
propos.als. If that is the case, von will doubtless arrnngo for a further 
meeting of your committee, or of a sub-committee 


Time docs not permit me to do more than say a very few words about 
tho ‘oth'nr items on your agenda. The papers presented to you for dis- 
cussion and the note* describing roads round Delhi which you will have 
an opportunity of seeing to-morrow cover a m'de range of subjects and 
represent much solid work, and I am sure that vou uould uisli mo on 
your behalf to thank all those who have taken tho time and trouble to 
prepare them and to place the results of their experience and knowlcd^u 
at your dispos-al. You will doubtless ha\o noticed that rertnin of th-'m 
ver,. not written for this meeting but for the last International Roads 
Congress and our thanks are due to the authors for allowing ug to make 
Vr''/‘Iv of special interest. I understand 

"IT.T r" ^onfrib.„„l tr™ 

India. I ri , ird that ns a matter for congratulation and T 4P5t>T- « 



di-almg with u.dth roacU b} o.vpcrts wliose heeness, interest aud extensile 
experience entitle them to tspeak uitli author^ on thig most diOicult 
subject I will not take up your tune xMth figures for 1 am sure you 
all know how great a pioporttou ol our road milage is and must remain 
uuniet.illed IndniduaiK earth loads may not curry much traffic but 
collocti\eiy I nould remind you that they carry the whole of the agri- 
cultural produce of the (uuiiirj beloic it reaches a metalled road— which 
much of it ne\ei does — on it» way to a market. The keen competition 
between the primary producci-s in world markets at the present day has 
brought home to us tiic impoitanie of eliiiimatmg all avoidable waste 
luculental to nvatkctmg titeps ate being taken to organise and improve 
the business technique of marketing, but the improvement of transport 
facilities rests with you Tlicr« urt other reasons why the improvement 
of unmetalled roads is of the first inijwtance Much of the expense of 
maintainmg metalled loads is due to the combination of fast motor traffic 
with destructne bullock carts Tin re are «ome who hold that the 
key to the Indian road pioblcm lies m the improvement of the bullock 
cart That is doubtlp''s true to some extent but development cannot 
wait for it. In any case, it seems to me that no great change in the 
bullock cart can be expected long as the earth roads provided for it 
remain as bad a« they are Again, the possibilities of motor transport 
to serve the rural population are immense but can never be fully developed 
so long as it cannot reach importiml xillages, and 5s confined to metalled 
roads at some di'^tauce from them 

The lemaindei of your P.ipm deal with hard surfaced roads in one 
asjiect or eaothci Tins is natural because the bulk of the road bill is 
made up of the cu'»t of mumtnming them. If you can economise here 
so much more money \wll bo available for expansion and, what ig perhajjs 
more important, the fear of increasing niamtenanco bills will not bo 
such a detenent, .is it now is. to .i liberal policy of expansion. 

\>.u will perhaps forgi've me if J 'tay that I could hn\e wished that 
some one of yoiii number had forsaken the strictly utilitarian and had 
gi\en vou a disquisition on the restUetic and scenic aspect of roads. There 
IS something iciy attractiie about a road, despite the fact that when 
on»- IS stranded imleg from anywlicrr on a liot afternoon after a series of 
piiiictutes. the stretch of load between car .ind destination offers perhaps 
one of the most horrible prosp« cts e\i*r offered to the human ejc I admit 
that it would be difficult m «iich tiocts as the llnmnad district in JIadras 
and parts of the Punjab and Sind to do anything with a road except to 
be glad that it is there but in most other parts, especially in the hill tracts, 
there is much scope for making the road a Fcenic as well ag a practical 
feature Even in such technical matters as width, curve and camber, 
there may reside potentialities of grace and elegance as great as in more 
ohnous features such as avemies To me there is a marked and immediate 
it«tliGtic connexion bctwv<n the width of a toad and the height of the 
buildings that run along it. The artistic possibilities of bridges must be 
•ipparmt to all. ifodern life brings its own problem^ and one of them 
Is apt to bp the cramping of imagination, the cult of the stodgily useful. 
I would therefore make a liuinblp ple.a for hp.autv wedded to itfility. The 
union is imt fanlastw, for the Iiighest usefulness is almost inerifatiW 
beautiful. Eld not Euskin, that apostle of the beaufifiil. einiilov hi-, 
students on making rondsi 



■ You witli joxtr great experieuce wUl, 1 am iure, agree that the condi- 
tions of road maUing and road mnintenunce in India arc exceptionally 
ildYicnit. Long 'tLangdiH are succeeded by torrential rain. The 
bulUxih cart with the heavy load it imposes ou the road surface and 
its propen^ity to “tracU" presents its own peculiar problem which has 
few, if any, parallels elsewhere. Imli.t is a poor country and the re- 
sources at its disposal fall far short of its needs. Tlio ilinistor of Tr.insj>ort 
m Lnglaud is reported to have said recently "Wo desire that the road 
of the {ntiire shall ho the iiio^t modern that engineering sIcjU and 
traffic experience can devise”- Our desires mut-t. I am afraul, be more 
modest, and we can only ask you to give India the greate^t nninge of 
senicenble rmd that the money at lour di«,posal permits Ihery addi- 
tional mile o! cood mad is an asset to all. e\erj mile of b,id road an 
economic loss tn all and the cause of d‘«eomfort to man\ Yonr ditTi- 
cnlties aie great, but I am quite sure that the word “Insupcr.jble ' has 
never yet been found m any Tlngmeer’s ^ocabul^.ry 

1 have kept you long enough In conclusion, 1 would remind you that 
the communications of a country nia\ he likened to its nervous s\stem. 

A coimh-v with poor communications U bcimd to remain inert. You will 
probably Vay that the olnion-, deduction from this is that OM'rdovclopment 
of communications must produce s.wno form of cerebral frenzy where 
pfsiple run about for the sake of miming about. That is. in fact, the 
stage which some harsh critics mamtaiw lia«; already been reached in 
Western Europe and the (."nitcd States India is, however, far from it 
and indeed Ihe dovelopineiit of India's commimic.ations ha^ « cIdvo bearing 
on the political problems with which «hc i^ faced to-daj. I'nlcss the 
social conmiunicatioiis of the eountr\ can keep pace with its I'oUtical 
dmolopmcnt. it i« lugU'y probable that the initi on which such store 
is rightly set may he cnd.mcered or at least hindered \nd thus we see 
that in the great politie-d chansres on the threshold of w'hich we stand, 
the proper treatment o* commuineations occupies an important place, 
indeed if the word is guen its widest connotation, perhaps ihc most im- 
portant place. I will now leave \on to your deliberations and would once 
again wish them nil success. (Applause.) 


The Congress adjourned for n group photognpli and then rcas-scmbled. 
with the llcnour.ibl,. Mr 1>. G Mitclioll, C S I . C T.K , I.C.S., Secret.irv 
to the Goaemment of India in the V)e\'urlnic»it ot Tnduslr’ics and Labour, 
Public Works llranch, in the Chair. 


.V hearty vote of thanks rvtis first passo,! to the Cluef Commissioner 
ol Ttailw.iNS and the ^orth Western Itmlwav hw the special arr.ingomrnts 
made to pmvide a suitable train far the tour of the Tndi.m Tlr.,ids Congress. 


(An aeeoont of the tour of inspection of ro.nls in 
Xorth West rmntier I'mrinre which prt'ceded th*' 
.tj'pendix to tlu"-r proeiN'dings.'j 


the Punj.ib and (he 
rnncrcsc; appears as 


rkniridan • 
ni'fr nn (Ik* 

Congress. 


I w ill now- c ill upon Mr. K 
objects and organisation of 


G. Mitchell (o inlnvlnee .his 
a permanein Indi.ni Loads 


Tl,. pap,. «„< It.pn ..,I,T,iltod for 
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(Paper No. 1.) 

Objects and Organisation oj a Permanent Indian Roads Congress. 


B,i K. G. MUehdl C.I.E., M. In^t. C. E. 

This first meeting in experimental. The Government of India are so far 
satisfied ns to the potentialities of such a body as to defray practically the whole 
cost. "Without their generous support it would have been difficult if not im- 
possible to have this meeting, but if any permanent body is to come into 
existence this opportunity must be taken to draw up a constitution and to 
estimate the extent ot the financial support from the Central and Local Govern- 
ments that will be necessary, in order that a scheme may be submitted for 
their approval It is proposed that on the first day of the Congress a com- 
mittee be appointed to make recommendations for adoption or amendment 
by the whole Congress on the last day. That committee will thus have very 
little time in which to consider the whole question and the object of this Paper 
is to provide a basis for its discussions If those attending the Congress will 
criticise these proposals freely on the first day, the work of the committee will 
he greatly simplified. This committee might be the General Committee of the 
Oongicfs as proposed below. 

2 Neceseiiii for some suc/t or^Hisafion. — ^Tbcre is little to add to what has 
already been said on this, both in the original suggestion to Chief Engineers 
and in the printed pamphlet* incorporating concrete proposals for this meeting. 
It will be enough to add that the present age is one of rapid change in which few 
of us have leisure to keep in touch with all the technical developments that 
aflcct us, and in which we require the sctrices of some organisation to keep us 
up to date and enable us to sec and bear at first hand how others arc dealing 
With problems similar to ours. The mass of technical literature is so great that 
it IS impossible to read it all, while no amount of reading can be so usefid 
as personal inspection of work and first hand discussion with those who have 
done it 

3. There is an added need for such a body in the domain of roads in a 
federal or i/iiasi-foderal constitution Standarfisation of specifications for 
methods and materials of construction, of the loading for which bridges arc to 
be designed, and in respect of a numlier of other matters are desirable for 
economy and convenience, even in a country of the size of India. Because 
of the constitutional position and because these are largely professional matters, 
there is no official authority to specify standards. Standard specifications 
and practice approved by a body such as the Indian Roads Congress, as 
reprc<5enting the considered opinion of the Road Engineering profession, 
Y cult! be sufficiently authontative to be widely adopted without in any way 
invading the autonomy of the federal units. 

_ 4. There arc other problems of great professional interest the solution of 
xvliich lies in other hands, but in respect of which the opinion of such a body as 
this would carry great weight. An illustration which will occur to every one 
is the problem of the bullock cart. W*e have now got to make dual purpose 
roads with inadequate funds in a country which persists, in the view of some 
of us, in permitting abuse of the toads bv wholly uncontrolled and extremely 

•Met lerrodnced hew. 
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damajiing bullock cait traffic. It is fantastic to suppose that the buUock cart 
will disappear within any period of time likely to affect us or many generations 
to corae, but it ought to be posable gradually to educate people and Govern- 
ments to understand what latssez fmre is costing them in money and arrested 
development, and so to bring about the gradual introduction of reasonable 
regulations. Indmdually our voices will remain unheeded. Tiic opinion of a 
body such as we contemplate would carry very great weight. Again, it is 
fortunate that so far the development of motor transport has not required, 
outside the towns, vehicles heavier than the 30 cwt. class, and roads are being 
adjusted to carry these , but technical developments, such as the improvement 
of the compression-ignition engine, might result in the use of far bea^'ie^ vehicles 
beyond the capacity of the type of road now being developed. In such an 
event and in respect of speeds to be permitted for various vehicles on different 
types of road, and on other matters such as the compulsory provision of 
“governors” the voice of the Roads Congress would be listened to while that 
of individuals might not. 


o. The Congress might at times also discuss with advantage such questions 

. fc - "^ceandsuch 

. It should 

, i . ,*.atters con- 

nected vith tile conditions of service of any individual merobor or group of 
members There should not be any doubt on this point but it is as well per- 
haps to state it quite dehmtely at the outset. 

0. Oh}ect !!. — The objects of the Congress might therefore be stated thus ; — 


To provide for a icgulai pooling of experience and exchange of ideas 
on all matters affecting the construction and maintenance of 
loads in India . to recommend standard specifications, and to 
provide for the expression of tlie opinion of the Road Engineering 
Profession on matters affecting their work, including organisation 
and admmistratiou but expressly excluding personal matters or 
questions concerning conditions of services. 


T. MemberiiJtip . — Subject to the specific or general approval of the General 
C’omuuttce, membership might he open to all professionally qualified 
Eiigineer.s cng-igcd or concerned in the construction and malntenaiice of 
roads, whether in public employ or not. The standard of professional qiialifi 
cation necessary might he not less than that required for direct recruitment 
to the rank of Assi-.tant Engineer in a Provincial Service. Anyone holding that 
or, in the opinion of the General Committee, equivalent rank though not 
^pvahfied liy ptofe«sioua\ cxaralnatiotv, might aho \vc eligibb'. It was at ono 
time contemphued that for hirgc firms such as those dealing in road m.akin" 
materials, there might he a class of corporate membership, but individual 
in«nihtr-hip will probably be the better arrangement. It would hou'ovcr 
be (U-sirftblo to include non-prore-sional gentlem‘'u closely concoroed or in- 
t.'Tt'-ted in toads, ns nssountes. Also in order to gr.ide subscriptions to some 
extent there hhould he two chases of m-mliers, i.c., memhers and associate 
nvinh-T-.^ Election or transfer to full memW.-hip would l.e made bv the 
(b-i-ral Conumttec an-l would nornullv be confined to persons of the enuivi- 
|.„t r.nl: of l„..a.t.vr l-nrinetr or ovr. It U not t),c intention tlwt by 
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grading membership in this wav* the Congress should set itssif up as a body 
imparting a certain professional statin but it appears to be desirable to grade 
subscriptions and this can bettor be done in this iray than by an attempt to 
relate them to emoluments. The latter nrrancement might give rise to difTicul- 
ties in the cacc of tho«c not in the public serricc. 

S. Siihsrription ^. — It is necessary to have some subscription to cover part 
of the expenses, and for other obvious reasons. The rates suggested arc : — 

Rs. 

Members .. .. .. .. .. 10 per annum. 

As«ocittoMemWi’ .. .. .« .. 5 per annum. 

-Assoentes .. .. .. .. .. 20 per annum. 

A fairlv high rate is desirable in the ca.se of associates to restrict applica- 
tions to those having a genuine interest. 

9. Ben-fits to vv-)>}^jcTs. — .VU mombars. associate members and n«sociit‘'8 
would be on an eqiul footing as regards attending and speaking at meetings 
(subject to the arrangement regarding travelling allotrance di5cu-sed below) 
and would receive the printed proccetlmgs of the annual congresses and sucli 
other literature as might be circulated. It must be recognised that, for the 
majority, the benefit would bo confined to the receipt of proceedings, and other 
literature, except those in whoso Pro\*ince the annual Congress is held who 
would, it is hop>‘d, bo able to attend in large numbers. 

10. J/onojement.— The management would be in the hands of a General 
Comnuttee and Pronnctal Committees. Eventually some other arrangement 
may he possible, but for the present it is suggested that these committees bo 
constituted as follows : — 

: (a) General CommUtce. — The Chief Engineers of Governors’ Provinces 

and of the Central Public Worla Department ; the Consulting 
Engineer to the Government of India (Roads) ; two represen- 
tatives of States elected by the delegates from States present 
at each annual meeting and three representatives of non-official 
associate members and associates, elected by such non-officials 
present at each annual raseting. 

(6) Provincial Committees. — To be presided over by the Chief Engineer 
of the Fro\nnce concerned and to consist of four officials (includ- 
ing the Chief Engineer) and one or tvo non-officials, all to be 
nominated by the Chief Engineer. 

11. The General Committee will normally meet once a year at the time 
of the annual congress. During the year business will be carried on as far as 
possible by correspondence. The flonsultiug Engineer to the Government of 
India would for the present be responsible for the clerical work of the General 
Committee. All the funds and property of the congress would vest in the 
General Committee. 

12. Subject to the financial control of the General Committee, P^o^dnc^aI 

Committees would be responsible for all the arrangements for the ■ • 

coog.ess when held in their Province, including the selection of Papers 
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tte atrangemcnts for visits to -works. They would arrange for someone to act 
as Secretary, The General Committee would have power to give general 
directions to Provincial Committees and to ovfrrule them, e.g., in the matter 
o£ selection of Papers. 

13. J’lJioMce.— Until tlie numbers likely to join the Congress are Jaiown it 
is impossible to gauge the probable income. It is believed however that the 
rates of subscription proposed should suffice to covet the cost of reporters, 
printing and postage. If the proposals eventtially made commend themselves 


14. Travelling ttllcncajices.'-’thc Government of India, having agreed to 
defray the whole cost of this meeting, feel that the justification for the creation 
of a permanent body will he in the benefits which local Governments derive 
therefrom in the application of the results to their own road systems, and that 
this justification can best be gauged by the wiUmgness- of local Governments to 
bear the expenses of delegates in future years. The Papers read and discussed 
■inll, or should, he of general interest, while the attendance of delegates will be 
largdy in the interest of their Province An equitable arrangement would 
perhaps be that the Congress should defray the expenses of the contributors 
of selected papers and that local Governments should meet the expenses of 
other delegaics In the case of tours or visits in connection with any annual 
congress, travelling allowance would be paid under the usual rules and the 
Congress would not normally be called upon to meet any expense in respect 
of ordinary delegates attending those. The lump sum grantfrom the Govern- 
ment of India suggested above would enable the Congress to pay the expenses of 
contributors of papers, and it is for this reason that the general committee 
should have power to overrule any Provincial Committee in tlie selection of 
papers. 

IQ. It is to be hoped that local Governments will agree to send a reason- 
able number of delegates to distant meetings, and in the case of the Province 
in vrhich the meeting is held, to allow travclUi^ allowances to all members and 
associate membors in the Province able to attend the meeting. 


IG. Annwl CongrcsscB . — The Congress should meet once a year, and at a 
difierent centre each year. It will be necessary for an invitation to be given 
by a local Government before the Congress can decide where to meet. It will 
be convenient if such invitations can be given for the following year at or 
before any annual meeting. In the event of mote than one invitation bein^t 
received the Congress will decide. 'WiU Cliief Engineers please note that an 
invitation *•« for th-v Congr'‘S3 ? It will neccssarJy bo 

prordMonal only and dependent on the Central and local Governments and 
particularly the local Government concerned, approving the permanent 
creation of the Congress. ^ 
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18 Prtycrcdings at Mcdtngs.—A member of the Gwicral Committee will 
preside at each session. Normally papers on profes-^ional matters, circulated 
in advance, will, as is the usual custom In professional bodies, be merely in- 
troduced by the author and thrown open for discussion. The discussion 
will be reported and printc<l up in the proceedincs Cases may arise however 
where it is desirable that the Congress aliould register an opinion in the 
form of a resolution At the first meeting it is unlikely that tho Congress 
will desire to do so save in respect of the mtttors discussed in this paper. 
A draft resolution will be submitted by the Committeo on this question 
with its report. 

19. Miscellaneous . — Once established, the Congress can do a number of 
things. A gold medal might be given for the best Paper each year. Com- 
mittees could be set up to advise on standardisations, education in Boad 
Eng ineering, research or study scholarships in India or overseas, and so forth. 

20. Conclusion . — It is believed that the Value of some permanent organl- 
eation will not be questioned. Tho difiiculties are obvious. The proposals 
made in this Paper are designed to provide a working arrangement to tide 
•over the earlier years. They are manifestly imperfect in many rospects, but 
it can only be hoped that if they are subjected to searching criticism before tho 
committee gets down to work, something better will result. It only remains 
to add that the aaews and suggestions thrown out in this Paper are those of tho 
■writer and in no sense those of the Government of India who await your 
proposals. 



i\fr. K. G. i\fj<c/icll {the Author)’ rt’yurds this paper, it Is nierelj 
n sorios of suggestions thrown out ns u basis for discussion. There arc 
on\y tiiTco Hn\vn questions and 1 tluuk it wovUd be advisable if those who 
iuwo unvthing to say wouW confine themselves to the three questions 
that 1 n’m going to mihe. The first is: — Is it desirable \o liave such n 
body? secondly, how it should be constituted, and thirdly, how it should 
bo financed. I have nothing to say on Ko 1 and I would Idvc you to 
sav whether such a thing is nccossniy or not. As regards No :2, the 
only possibihtv seems to bo to Imre u self-contained body organised on 
a ivou-oflicinl basis You can take it from me that it is impossibm to- 
havc an onicial bodv if wo want to make it representatne It ig pnicticallv 
impossible for anvbody at headquarters to pick and choose who shall 
come We did suggest to Local Governments that thc\ might indicate 
Viow’ t\ie business Teprc&entatives should be chosen. They found the same 
diineultj and the only solution, if it is going to be at all representative 
is to hn\e a regular iweinberehip, with a nominal subscription. Otherwise 
it will bo impossible for tbo Government of India to say who shall come 
and who sliaU not. I think also that soii\e subscription is ncce^'^ary. 
As regards finance, it la obvioug that m n country of the size of India 
where^the cost o! travelling is so great some Oovenimeiit support is 
essential. On that point, 1 wi^h to say one thing. Tho Roads Congress 
eliould be your show* and not n Goiornment show. If you say that the 
whole support should come from Ooveimnont, then you rather prejudice 
vour own management of your own afiair# Now, in this paper It is 
suggested that tlicre should be a eomunttei* elected this moriung to 
consider the whole question and i<i m.ike a report probablj on Friday 
morning. TJiere is no need lo olec< a Committee as regards Rntisii 
India It will consist of tho Cliief engineer or senior representative of 
any proviuce pto^cut or Ins muumee As regards the States, 1 sai in tiie 
paper tlmt we might Iinve two representatives on the pernument coininitteo. 
Owing to tiio number of Stalt^ represented at thw meeting to-day, it Is 
bettor porhaj’S to make ii d We nj|J ask the State representatiie^ some 
time during the morning to tioinmate three of their members to join this 
cominitteo. ^Smiihirly, the busine'i$i representatives will kindle nomin.'ito 
tlirec of tlicir number to ser\e on this commUtec The eommittce will 
meet at 0 o clock for a prchmmarv discusision, either m New Delhi at 
the Imperial Delhi Gvniklinna Club or in Old Delhi in Alnidon’s Hotel 
aecordine to where the majority of the committee arc slaying. After tlie 
conclu'sion of this morning’s biiRinc«:«, tlie cominittee will meet for a few 
niiiuites and decide where to have tbe roeetiog. 


DISCUSSION 

Chainiino • TTas nnv pcnlleinan anv remark'- to make on Tifr ’tfifr-lion' 
mper? ' "’<*s 

(Noliody aTO^e.\ 

''l.cjfft'trni : I mnhr^tiiml then tint tlm general rrono^at * 

in Hr MiteholP.; ,nt>er are approved in hm.'rd oiitlmo Ml that r ^ 

ntni 1 . to .Lli tnr ooiir iii.,,nnnl t„ li!. .«o,.<,.tio„ Vi ' ' "’"'"'ns 

.Vool.t moutiii,!,.! a. imlinl,.,! |,r ” jr" ™' ">'■ ‘■omnaltp,. 

ri-in:irk'< to make? ‘ gentleman anr- 



Mr. A. IJrchner: Wotild it include Royal Engineers such ns Colonel 
^’nkely ? 

Chairman I understand that Colonel Wnkely is a Miliinrr Engineer 
■attached to a province He \\xnild be suitable to represent tho N.*W. F. P. 
It lias been siiggo'^ted tlint l\\o repro’sentatix os of the Military Engineering 
Service should nI«o he included *n the coinnnttec. 

Rai Bahadur S .V filiadwri regards the States, ns the number 
■of States is nearly 12 or 13. three repre'sentntires arc not stifTiciont. 

Chflimian I would point out tlint the committee will now consist of 
9 representative^ from proMnecs, 3 from States, 3 from tho bii'ine's com- 
inunit\ and 2 from the Ho\nl Engineers That jnnkcc; 17. It la already 
petting to the ImuU of a workipg committee Rut if there i® any strong 
feeling in favour of a sfroncer representation from the Stales, perhaps 
some gentleman will indicate that 

Mr P .V. Df There is no representative from the District Boards or 
municipalities I think it would be belter to havg one from those bodies. 

Lt.-Col. E‘ L. Farley As regards the Royal Engineers, one would 
probably be enough, because we deal with specialised problems in peace 
time and that would gi\e one to such other bodies os might wish to havo it. 

Chairman . Might I suggest that the present constitution gives us a 
■sufficiently large body and that an) thing larger than that might make 
at unwieldy? 

Mr. G. Held Shaw : Representation for the District Boards is rather 
^necessary It seems unnecessary to hare a representative of one District 
Board for the whole of India. 

Chairman ■ Is it your suggestion that District Boards and municipalities 
*8bould be excluded? 

Mr, 0. Reid Shaw Yes. 

Mr. T'. R. Talvarkar I propose that the Bombay municipality should 
hare a representatire. It has got n large area of roads and rery important 
roads. 

Chairman: I would suggest to you that if wc 'Start selecting iudlridual 
municipalities, there will be no end to it. 

By a show of hands, it was decided that there should be no repre- 
sentative of District Boards imd munici[>alities 

Chairman • The feeling of tho meeting is that this committee should 
•consist of one representative from each province, three representatives 
from the Indian State':, three from the business community and one from 
■the Royal Engineers. 

The Chairman then called upon the States and business representatives 
to elect three representatives each, 

H. E. Ormerod' The Indian Roads and Transport Developmenf 
■^^s^iation have o Resolution to be put to the meeting in connection 
•With the financing of the Congress. 

Chairman: I think we had better finish this item first We sliall now 
proceed with the selection of the provincial representatives. 
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The elections were then held after whicli the Cheirinon uimounoed the- 
names o£ the Committee as follows: — 

Provinces. 

Madras ^Mr. A, Vipan. Spccinl Engineer for Bond Development, 

Madras. 

Bombay.— Mr. L. E Greening. Deputy Secretary, P. W. D., Bombay. 

Bengal.— U t. D. d. Blomfield. Chiel Engineer, P. W. D., Calcutta. 

Vniled Provinces—Mx. 0. F. Hunter, Superintending Engineer, 
Lucknow. 

Punjab.—Mv. S. G. Stubbs, O.B.E.. Superintending Engineer, Ambala-. 

Burma.— -Mr. 0 H. Teulon, Cluet Engineer, Bangoon. 

Biimr and Ortssa.— Jir. N- G. Dunbar, Deputy Chief Engineer, Pntnav 

Central Provinces — H. A. Hyde, M C , Chief Engineer, P. W. D.,. 
Nagpur. 

/Issom — Mr. D. E. Taylor, VD , Offg Chic! Engineer, Shillong. 

Norfb-llVaf Fronficr Province —Mr G A. M. Brown, O.B E , Super- 
intending Engineer, D I. Ki‘an 

Crnfral Public WorJes Department . — Mr A Brebner, C.IE,, Chiet 
Engineer, New DeUu 

Ikdun States 

Bni Bahadur A P Varmn. Chief Engineer, Patiala 

Diwnn Bahadur N N. Ayynngar, Chief Engineer and Secretary ter 
Government, p yv , Kmlwny and Electrical Department, Mysore. 

Jlr. r L, Bowers, C I.E., M.C , State Engineer, Jaipur. 


BUMKESS HKpTtESEKTATIVES. 

Mr. IT. E. Ormerod, Vice-President, the Tmlinix Bonds and Transport 
Development Association, Bombay. 

Colonel G. E Sopwith, Turner Morrison and Co., Calcutta. 

*.^fr. 0. G. C. .UlnHii, Burmafi Sbcli Company, Cnlciittn, 

BoYAt. Evoiyrrns. 

Mojor W. D. Wl,i,l„w . M.C.. RD., Army Hendiusrlm, Simlo. 
Ctmmifee Wre Mr. Adxmi. 
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C'/irtirman This Coinniittoe "ill meet this evening nt 0 o’clock nt 
some place to be decided bj them subsequently before they lca^c tliie* 
moramg. This is one part of the business on which "'c have to mnko* 
a decision this morning. The rest of the time "c may -spend on a 
diseussvion of tlic broader aspects of the proposal and I will Mr. Ormcrod- 
to make his remarks winch he intended to mako to*day. 

Mt H, E- OmicTini On behalf of the Indian Hoads and Transport'- 
Development Association I wish to move the following Kesolution:— 

'*Jn Mew of the interest which has been sliown in this, the first 
Indian Hoads Congress and the importance of ensuring that 
its continuance should bo maintained regularly each year, 
it IS recommended that owing to the fin.ancial stringency 
existing in the Provinces, the method adopted this jear o£ 
financing the cost of the conference from the 10 per cent, 
reserve of the Petrol Hoad lax, held by the Central Govern* 
ment, should be maintained, if possible, during the next 
few years." 

L liairman May I just point out n small point of order. If you wish 
to move this as a Hosolution, then it would be better to move it after 
the Provisional Committee has met They will then consider it and 
frame their o^m recommendation. For the present, the discussion should 
be confined to the gi^’ing out of the indications of the general feeling 
of the meeting 

Col, G E. Sopirj</i- Jfr Chairman, I cannot second the Hesolution 
after what you hav(» said, but I should like to say this that I personally 
think that the suggestion Is an extremely good one. 

D Mficfarlane- I would like to add to what Mr. Ormerod and 
Col. Sopwith have said. I think that if something of this sort is not done, 
there will be a great difficulty on the part of the poorer provinces ta 
finance the journeys of their officers with the result that people who are 
not supported by their Government*! could not possibly afford to attend 
this Congress 

Chairmait: As nobody else wishes to speak on this question, I would 
like to say that if you decide in favour of this particular financial arrange- 
ment, I would advise jou strongly to have a second string to }vtsr 
bow I am not able to commit tbo Government of India hut they may 
or may not accept the suggestion and the whole arrangement might fall 
to the ground. So, it will be better to have an alternative arrangement. 

Mr. B. F. Tiylor: Jlay I refer to sub-para, (b) of para. 10 of Mr. 
Mitchell’s paper regarding Provincial Committees which are to be presided 
over by the Chief Engineer of tbo province concerned and to consist of 
four official (including the Chief Engineer) and one or two non-officials, 
aU to be nominated by the Chief Engineer Are we to understand that 
these are tc be left to be decided by the various provinces? 

Chairman: I think that is a matter of detail and we had better leave 
it to the Committee. It is certainly a point worthy of their consideration. 

Chairman; Mr. Dean will now make some remarks on his paper and 
after he has finished, the members of the Provisional Committee will 
remain behind and make their preliminary arrangements which would 
help in the despatch of the business. 



Mr A Chrrf l'npn«vr, Central Public Worts 

))'-'I'i\rt*noiU <.vit tho Chair. 

<'?iajrwi/»« tlofinT* I intr«vhipi> Mr IV.nn. 1 ^llOu!l^ hko to propose a 
\o{i» fif ihfxiiK^ ti> flip Uon'Mp Mr. 1). d. Miirhrll. 

• Till' hiohoii \Mi:x rp'Vi\p,J wilh nppl'iu'.o. 

Ml )\ <} MiU'lipll h.nx .nlrpiiK i*\pl.un<\l to \ou the 

nllonlion^ in lli<‘ |'io*:»aininp xxhu'h npi'«'sxil.xti'' our et.irtin" on our tour 
tliiq (ifi'iiiiHM) niaioicl of to inon«>\\ inoiniit}^ On the xxJioli'. I think, 
jiiolmiiU |)|f plnnj'o la n oiio Inv.iUxo it will enable Us to discil's Mr. 
D'Hii'q nff*'! xon liiixo uPoii iln« work instead of before it. Hut 

lr» ill'' hi' fitilittH' Ml l>eon \xonl,l like i»» make a few remarks in intro<lueing 
lb*' ) a(iO an.l eyplniinurj uh.tl in pirlieuhr he wislios to say 1 intrxxluco 
Ml li. an I nin\ tnld thxl in neetntlanee xMtli the orilinarx preolieo 
ne ptojwiart to (nka tfin paper read. 


'i’lia following paper was then submitted for diseiisxion 



(/’apcr lYo. 


Heccnt metuods used for the treatment of roads with bitumen and tar In 
Selhl Province. 

By A. \V n Dean. M.C . I.S.E., 

CfccutJff £»y'»ccr. Crnfral Public li’orA* DcpaTlvicnt 


Prior to tlio ^o•'>r 102." the hard hurfacej road^ in the Province were 
all cither inetflllcd with hnnknr or qunrtrito stone hnllnst. Ivonknr boint; 
n soft material and unfit to c.irrv heavy trafTic its gradual replacement with 
the latter material was, howe\cr, the nim and hy the dose of the year 
1931 nil metalled roads in the Province had received a wearing coat of 
water bound «tone metal. None of the roads in the Province were surfaced 
with tar or hitumon and this treatment was entirely omitted from the 
New Capital Project. ^ 

The earliest example of bituminous treatment was the length of road 
from Lothian Bridge to Delhi Gate which was carried out In September — 
October 1023 This length was divided into the following threo stetions 
recording to the condition of the old surface in each: — 

1. Surface recently romctalled. 

Surface remctalled one year before. 

8. Surface requiring remotaUiog. 

All three sections were treated similarly. Tbo surface of the road uas 
very carefully broomed and cleaned of all dust and dirt before the appli- 
cation of the bitumen and the temperature of th© bitumen was very care^^ 
fully regulated. Trinidad refined asphalt mixed with Flux oil m the 
proportion of GO/40 was sprayed at the rote of 4'.5 to 5 lbs. of the mixture 
per sq. yd and was evenly covered with 3/8 inch stone grit and rolled. 

The surface in the three sections was very satisfactory and did not 
need any attention for five years after this treatment. It was repainted, 
ID the year 1030 and until last year when regular patching of the surface 
was started, it did not need any attention. 

Road improvement hy grouting and preraixing methods was first carried 
out in the year 1920-27 in a 1§ mile length of an important section of 
'Qutab Road Three different speeificotions were tried with highly patis- 
factory results These were (1) Grouting with Rfcxphalto (2) Grouting with 
Trinidad Asphalt cement (3) Premii with Trinidad asphalt cement using 
cement as filler. The real advance however, began in 1930-31 when no 
less than 450,000 square feet of road surface were treated with bitumen, 
and there is now a total of GOO.OOO square feet of this. 

Heavy two and four wheeled bullock carts impose a very great strain 
on tho toad surface. These cnirv 2 to 3 tons end are drawn by 2 or 3 
bullocks or buffaloes. The wheels and axles seldom fit and often have 
an oecillating motion which is very destructive. Further the tyres are 
often narrow ond have a curved cross section, thus the area of the wheel 


in contact with the road is much less than it should be. On roads subject 
to intense traffic of this nature surface treatment with bitumen has been 
found to be inadequate and recourse lias been had to grouted and premiyed. 
treatments. 


The methods that have been in use ^n recent years include 
I. Grouting with hot asphalts . — ^Before spreading the metal, the road 
surface is cleaned of all foreign motter. The metal used is inch to 3/4 
inch gauge, clean, dry and free from clay or dust and uniformly spread 
to the correct depth. The loose metal is half an inch more in thickness 
than the finished coat, t.c., for a 2 inch coat metal is spread inch thick. 

Tlie old surface of the road is first picked up and relaid to correct 
camber and grade. The stone metal is not dumped on the road surface- 
but to ensure uniformity of spreading is stacked at the road side. Irregu- 
larities in spreading are careful!}' looked for and corrected by band 
packing. Templates are used at short intervals with strings stretched 
between them as a guide. This is all done before rolling, as it is difficult 
later on to correct irregularities and experienca has shown that unevenness 
of surface and weak spots are mainly due to uneven spreading, A ten 
ton roller is used on the dry metal. Rnllmg is commenced at the sides and 
advances towards the centre by successive stages of at least half the 
width of the roller until the surface is uniform and compact. 

During the winter months bitumen (Mesphalte 30/40) does not pene- 
trate into the interstices more than an inch ow’ing to the quick fall in its 
temperature on coming m contact mth stone metal This difficulty is 
overcome by spreading the metal for a 2 inch coat in two layers of H 
each. Half the quantity of bitumen is used m each I^yer. Eolling is 
started ns soon ns the .second layer has been grouted and the chipp'ngs 
have been spread 

Ditinncns . — The bitumens used during 1033-34 on Sections the Grand 
Trunk Eoacl towards the U P were Socony Asphaltum 101 and Mesphalte 
30/40 penetration, sepaiate sections being grouted with each. Pouring 
cans were used for Socony Asplialtum and a sprayer for Mesphalte. The 
bitumens were uniformly heated in suitable boilers to 350°F. 

The length of road to be covered by tlip contents of each pouring can 
was markwl out and tins was further checked by observmt’ the area 
covered by the contents of the boiler Bitumen was used at the rate 
of 1 gallon per square y.nrd, of 2 inch finished coat. 

Stone grit . — Stone grit 3/4 inch to } inch gauge was spread immediately 
after the application of bitumen in sufficient quantity to fill the surface 
voids and prevent the roller from picking up the bitumen. Care was 
taken to see that the stone grit was spread uniformly and all voids filled 
up. When rolling commenced one labourer followed the roller to cover 
with grit any surface where bitumen appeared. 


Sra! coat . — seal coat ^vas applied directly after the rollin" had been 
finished. The surface was brushed and all loose and surplus grit was 
rcmo.s-d. A bitumen of 80/100 penetration was used either Socony 
ARplmltum grade 105 or Spramex in the sections grouted with Soennv 
Asplmltum 101 ond Mcxplinllo rc,perfirel.v. The bitumen wns sprayed 
(not poured) at the rate oi J Ka>}->ns per 100 sfl followed by stone pit 
* i' The surface was arain thorouoHy 

rolled. The surface thus treated was opened to traffic and a labourer wS 



23 


io brush over the Winding os nnd ^lion dislutbcd by troCic. The 
gnt nnd stone metal used on the work were hard blue quartzito stone- 
obtained from the Delhi lUdge quarries. 

//. Groiitinj; cold emuhnom.— Spreading of metal, rolling and 

pouring was ns for hot grouting A section of the same road was treated- 
by this process 'Ibe EmuKion used was Colfix- It "'as at first found 
to penetrate too rapidly to tlie bottom of the metal and tlius failed to bind- 
tlie aggregate cffocti\ely To prerent this the voids in tho stone mctnl 
were filled with gnt of J inch to J inch gauge spread before grouting. 
This resulted m a ‘shglit miprovemcnt and although the emulsion did not 
I'Toperlx bind the stones, it, however, held them together and mad© com- 
paction of the la\er possible The road was opened to traflic after twenty 
four hour' and any weak tipots that appeared were picked out and repaired. 

A week later, a seal coat was applied after brushing the surface clean. 
Prior to sealing all pot-holes were properly made up. A sprayer was 
employed for spreading tho emulsion evenly over the surface. Ston© grit 
i inch to ^ inch sire was evenly spread and traffic was allowed over tho 
road after 24 hours Tho result of this treatment w'ns not satisfactory 
ns the surface became uneven and many pot-holes were formed soon after 
the traffic started to u«e it. 

Ill 1 inch to 3 inch pTcmtxed nuphoU tHflcodom -~This specification 
was tried on tho same road using both oold Emulsions and hot Asphalts 
ns described below*— 

(J) "[Vtih colli pjjiidsions.— The aggregate used was quartzite stone metal* 
ns noted below — 

For 1 inch pavement 100 per cent passing 1 inch screen and retained' 
on I inch. 

For 1^ inch pavement 100 per cent passing inch and retained on 
i inch 

For 2 mch navement 100 per cent passing 2 inch and retained on 4 
inch 

For 2J inch pavement 100 per cent passing 2J inch and retained on J 
inch 

The fine ngimcg.ite foi the wearing coat of the thicker pavements was 
of smaller size than that specified for the bottom course 


Cifioiien. — Socoiiy .48pJia!t EmuUion Nos. 3 anil G ivere used, 

Meihnil — The ha«o was nuide true to grad© and camiier and thoroughly 
cleaned and a priming co.at of Socony Asphalt Emulsion No 3 was applied 
at a rate of 2 to 3 gallons per 100 Square feet. The coarse aggregate for 
the bottom course was mixecl with Emulsion No. 0 by dipping. The- 
qimlitv of the Emul«ion must be such that between 4 and 6 per cent by 
Weight of bitumen will be incorporated wdth the stone Socony Emulsion 
Ko G containing 70 per cent of bitumen met this requirement. 

The coated coarse aggregate was spread on the prepared base to a 
thickness of about half an inch more than the required finished thickness. 
After spreading it was left for six hours and then rolled to compaction. 
W’lth a ten ton roller. Fine stone grit was spread over the surface to 
prevent adhesion. Rolling was continued until all movement had ceased. 



Beal coat . — In tlio cnsc of 1 inch nnd H pavements o senl coat waS 
api)lied using 2 to 3 gallons per 100 aft. with stone grit of J inch to } inch 
'gauge at the rate of 3 eft. per 100 aft. 

For 2 inch to 3 inch pavements a wonring course was used of | inch 
stone grit dipped m the emulsion and spread evenly, after raking over 
tlie bottom couisc, uniformly to a depth of J inch. This was rolled after 
tlireo hours, stone dust was added on the surface to obtain a closed finish. 
'The result of this process of premixed aspholt Jfneadam wag not very 
satisfactory, 

2. With hot bitumen nsplia’tic conrrefi' (shelcrcte and sheUhect ). — The 
bitvirnin'jus materials in thi'« ease wore Mexphaltc 20/30 penetration and 
“Shelinac". a "cut hack” made by the Shell Companj- uith bitumen 
• and Solar oil A "cut back” of this type is relatively simple to mani- 
pulate and onsy to work. It needs only slight lieatmg and tho mixed 
aggregate can be laid either cold or hot immediately' or be stored. If 
after some ti.nc it gets hard, it can be softened by the addition of a little 
•Solar oil. 


The grading of the aggregate wag varied according to the thickness 
•of tho coat. IVir 1 inch Shelsheet the stone was of J inch to } inch gauge 
and for thicknesses of 2 and 2J inch, of lij inch to } inch gauge. Sand 
containing 0 per cent coarse (-2 rom + 'O mm), 80 per cent medium 
.( — *0 mm + 0'2 mm), 0 per cent fine (—0*2 mm + *085 mm), and 5 per 
cent dust ( — 'OSS mm) wag used. In damp or cold weather the sand was 
•heated to about 110*F on iron sheets six inches above ground level with 
m fire underneath. 

Shelmao {one part) was heated to about 200®F and tho Mexphalte 20/80 
-(two parts) to 850®. The mixture was roised to 050®F and allowed t< 
-cool down to 800®F at which temperature it was used. 

For o 2J inch finished coat (Sbelcrete) batches of 3 eft. of stone metal 
•of li inch to i inch gauge and eft. sand were used with 22^ pounds 
of the mixture of Mexphalte and Slielmac. The surface of tho road was 
•first brought to the proper camber and grade and all pot-holes were filled 
iin, stono inofnl coated with bitumen without sand being found very satis- 
•factory for this. 


A Millar’s Mixer of 5 eft. capacity was used os follows- — 

Tho machine was started up and the stone put m. Nino pounds of 
bitumen was added and when tho metal was coated with bitumen IJ eft 
•of sand was put in followed by lOJ lbs, of bitumen. Mixing was carried 
for 3 nilniitog. The mix wag cnrriod to tho find in iron barrows, dumped 
and iininodiatoly spread by rakes to Mie screeds. Polling followed witliout 
•<lolav with an eight ton roller. Tho resulting surface after compaction 
had a mosaic appearniico at first but quickly closed up under traffic. It 
i.s m cflect soU sealing. 


I inch S!tclshcel.~~For this the process was the same except tlint 
smaller pniigp stone was used and greater care wag necessary that the 
base sJiould he properly prepared and even. These thinner carnets tend 
to follow the unevenness in tho base if this is not done. For details sec 
f-nge 0, 


Tlic lotnl nre.i traalod durinR tlio ycni- 1033-84 with 
■di'.cril.i'd nliovo ,vns npproximntely 500,000 sijuaro feet, 


the specifications 
The roads treated 
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carry medium traffic and intensive cart traffic. These were Homiltoa 
lioad. the City apiiroach to the Jumna Bndpo and sections of Delhi-Gurpuoa 
Jtoad riii Haennt, Trafhc st.atistics on* hemp rollectcd 

•JJ inch tiuck Sliclcrele was laid for heavy cart traffic and 1 inch Slid- 
sheet for Jightcr traffic, Xo OAponditiire has been incurred m the main- 
tenance of the Shelereto but some patching has been necessary with the 
Sbelshcet. 

Brick and ocCJisionnllj oemcnt c mcrote edging lias been laid along 
roads trcate<l \\.th bituminous niiMiircs id order to define and protect the 
edges 

Tar — Tar has aUu beoi. used both for surface painting and for carpets. 
The surface painliug d me was similar to single coat bitumen painting 
and appears to be onl\ suitable for hglit traffic. For carpets tho method 
adopted was that ot a single coal of graded stone metal final dressing being 
done with premixed clappings of \ inch to 5 inch gauge. 

Tar carpets or paiement iia\c been laid of 1 inch, H inch and 2J incJies 
thickness, the hrst on an old painted ro.atl, tho Alipur Bond, the second 
OD an old water bound Macnd.iin road, the Grand Trunk Rond to KntnaL 
ond the last on the Gtd Bolitak Road. 

The grading of the stone metal was os follows — 

For 2i inch and li inch pavotoenls. 

U inch to 1 ioeh SO ferctot. 

1 „ i .flch 3S per ce&t. 

J „ i 30 per eeftt. 

Stone dait filler C percent. 

For 1 inch Carpets. 

1 incS -0 I ioch 85 percent. 

} J I. -Olerceot 

4 win 30 per cent. 

Stone diet filler 6 per cent. 

The tar used was a low viscosity B.E.S.A. specification No. 2. 

The method of tnbcing, storing, spreading and rolling was as follow’s: — 

Mixing was usually done by hand in old tar drums fixed on a W’ooden- 
frame and rocked by 4 workmen — 2 eft. were mixed at one charge in 6- 
minutes and 8 such mixing drums turned out about 720 eft. daily. The 
quantity of tar was 2i lbs. for 1 eft. of large stone and 3 lbs. for 1 eft, 
of chippings. The tar was heated to 250*P and the stone metal and 
chippinps were separately mixed and stored at road site exposed to the 
air for 7 to 14 days and not used until the mixture had become sticky. 
In the hot weather this condition was reached after only 2 or 3 days and' 
tho mixture was laid and rolled then. 

was spread to the required thickness on n road surface wliich 
had been given a priming cc>nt of No. 1 Tar at the rate of 1 gallon for .‘>0- 
to 80 sft. It was then rolled till movement censed. The premixed 
chippings were then spread and rolled lightly for four or five times only. 
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The lojid was opened to motor trnflic after -18 hours and to cart fraflic 
after 4 days, in smnnier the road should not be opened to Irntlic for I'J 
or 12 days. No pruning cont was found to be necessary in the case of 
2^ inch carpet. 

In addition to the nbo\e work a further series of load surfaces Iiare 
been laid recently wliich are of an expeiiinontal nature. 

The reason for tlic«e experiments is to select materials and methods 
'best suited to the needs of the tiallic and to the financial resources avail- 
able for the upkeep of the roads 

Our aim is to establish an equilibrium between the needs of the trafHc 
and our resources. 

Spedfiention for u’lf/i 1 inch Shchhrei laid on (I) Quecnsican 

D io X (2) Parltamcnt Street D to Jantar Manfar {June 193i) 

;\/afcrial used — Mexphalto 20, 'ot* penetration and ‘Shelmac’ in the 
jiroportion of 2 of the former to 1 of tho latter 

The initial operations of cleaning etc were carried out ns usual and the 
surface was pickmarkcd and dabbed at mtorrals with ^^exphaIte as a 
iack coat before laying Shelsheet 

Jlcxphalto (20/30 penetration) was heated to 350*F and Shelmac added 
to it, the temperature of the mixture being kept nt 300*F. 

The aggregates used were stone grit passing 1 inch mesh and retained 
•on ^ inch and tine Badaipur band, m equal proportions 

Tho stone grit was first put into a Millar Mixer and was stirred over 
with a few turns of the machine before the prepared bitumen mixture was 
poured over the gnt at the rate of 3 lbs per eft of grit The machine 
.again ran for a few turns till the stone grit was covered with the mixture 
then an equal quantity of Badarpur sand was added with the machine 
still working and after a few turns bitumen mixture nt the rate of 9 lbs. 
per eft. of the Badarpur sand was added. When the sand and grit, thus 
mixed, were thoroughly co.ited with the bitumen the mixture was taken 
out of the mixer into wheel barrows and from thorn spread on the road 
to an average thickness of 1} inches while still hot, and thoroughly rolled 
with an eight to ten ton steam ro.id roller. The road was opened to light 
tiaffic almost immediately but carts ivere not allowed on it for two or throe 
-days. 

Cost. — Ks 0 per hundred square feet. 


Sprn'ficafion of Jtcsurfacing with 1 inch 7'ar carpel, 
laid on (f) Parliamciif SIreef T fo H/2 and Circle T. 
(?) Qiifcnsirfli; B to E ami E to S S. 

(3) I?ai>»nn J?oad X Pt. to Great Place. 


Tho old surface of the road Iwring been propcrlv cleaned was r^ivon 
n priming coat with Tar Xo. 1 heated to 2r*0’F nt the rate of 1/lOth gal- 
lon to a sq. yd. ' ‘ ® 


Slono (frit ra.sins 1 inch mc-sh nnd rolnincd on 1/4 inch nic.h wn. 
«ntc,l vrtth Tnr No. 2 ho.-,tca to2.-0-F. ,hc rnlo of 2 /lt,: pt c t / -^it 


Jiglit oil constituents to evoporato and to allow it to develop its ndlicsivo 
qualities. It was then carted to the site of work and spread to an average 
thickness of li inclios and rolled with nn eight ton steam road roller. 
When the surface had been thoroughly rolled, stone dust was sprinkled 
•CD the surface to fill in the voids 

The road N\a3 kept closed to hra\\ bullock cart tratlic for 10 days. 
Cost . — 1 inch Carpet Its 8 per hundred square feet. 

Seal coat Its 3-8 per hundred square feet. 


Spccrpcation /or 1 mcli 'far Corpet at Great Place (Octolicr IS3-f). 

The method of lajing ihe t.ar carpet slightly varied from the usual 
jiethod for tar c.\rpets and was b.»scd on successful experiments carried 
3ut m the Punjab. 

Material-^ 

Tar No. 1 at 2-10‘F 

Tar No. 2 at 250*F. 

Tar No. 3 at 200*F, 

Construction —After the usual operations of cleaning etc. the existing 
surface was pnmed by spraying with Tar No. 1 at tlie rate of IG lbs. per 
100 sq ft. The metal was graded from } inch to ^ inch in the following 
proportions'— 

J inch to i inch GO per cent 

I inch to i inch 40 per cent. 

This was premixed with Tar No. 3 nt the rate of lbs. per eft. and spread 
•on the surface while the priming coat was still “tacky”. The premixed 
metal was spread to an even surface and consolidated by a roller. 

After the expiry of 24 hours the surface was again painted with hot 
Tar No. 2 at the rate of 24 lbs. per 100 sq. (t. To obtain an even spread 
this was brushed immediately alter the sprayer had passed. 

Fine grit i inch to ^ inch at the rate of 3 eft. per 100 sq. ft. was 
then spread and rolled till the carpet had set, and the road opened to 
traffic 

Cost — Its. 10 per hundred square feet 


Armour coats 

These have been laid on the Kamal Road, Miles 3 i. 4 (October 1034) 
with three different materials, vizt — 

(a) Armourcoat with Bitumuls. 

(b) Armourcoat with Colas Emulsion. 

(c) Armourcoat with Tar-BUumen Mixtures. 
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The materials and specifications used in oimourcoat construction ste 
as follows: — 

(o) Armourcoat with Bitumuh. — MateriaU. — (i) Bltumuls Emulsion. 

A quick setting type of emulsion is required in the construction of an 
Armourcoat. 

(ii) Aggregates (Stone metal 1 ineli to 3/4 inch). 

The large aggregate is stone metal of which 00 per cent passes a screen 
having 14 inch circular openings and not less than 00 pei cent is retained 
on a similar 1 inch screen. 

Coarse stone chippings used for key stone and filling voids is | meb 
to i inch and must conform to the following grading — 

Not less than 80 per cent shut! pass a 4 inch screen and not morf» 
than 5 per cent shall pass a 10 mesh sieve. 


Fine chippings used for filling voids and for surface finish must conform 
to the following grading — 

Not less than 90 per cent, shall pass 1 inch screen and not more 
than 20 per cent shall pass a 10 mesh sieve. 

Preparation of — The old surface of this section prior to the 

construction of the Armourcoat had an irregular cross fall. The camber 
^arled between 1 m 30 and 1 m 20. The bnck>edgiog bad sunk into tbo 
ground lower than the metalled edge at many places. This necessitated 
tuiing up of tliQ old surtace so as to have a regular camber of 1 m 48. 
This wos done with stone metal precoated with bitumuls wliicli was also 
used for filling pollioles and depressions after digging them out. Tho 
material thus laid was thoroughly well compacted and all dirt or dust 
completely removed from the rest of the road surface by broommg. It 

%7ns then sprinkled with water and a tack coat of Bitumuls at the rate of 

1/lOth gallon per square yard was given on tho damp surface. 

The stone ballast was spread by band on the prepared surface at the 

rale of 12' 1 eft. per 100 sft. Dumping from baskets on tho subgrade v-o» 
not permitted. . If the stone ballast segregated into sizes in handling, it 
was mixed until it presented n uniform appearance spread on the road. 
The surface of tlie stone was then carefully trued up and all high and low 
spots remedied by removing or lidding stone as necessary. It was then 
lightly rolled once only to interlock tho stones 


After the stone ballast had been rolled, a little water was sprinkled and 
on the damp metal bitumuls wrns applied with a pressure distributor at 
tile rate of 2 gallons to 5 sq. yds. It was then left for at least 12 hours 
before rolling. Bolling must not be started until two pieces of the metal 
can bo pulled apart without the asphalt stripping from either piece 


Tl,o n.l,.,nuls treated aggregate »as rollctl over ligl.tly onco and 
..nmed.ately attentar, U, coarro et.,,„ „cro uniforinlv spread on the surS 
tn san.eteat qnant.ty to fill tho void, (2 to 3 ctt. pJr hnndred sq ft ) 

ttn:'''TLT,:^aTe":VtW^™lleT!he';S,^ 

ing nith a .Iraghrcm ...ddX , ' 

ba.e atone and it became ll.orongbly'lockcc/a.'rkeved!" 
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Any loose cliips retnnining on llie surfnco were evenly (li«tnl)iitod by 
brooming nncl then n linal nppUcatioii of bituinuU v\na iriiidc nt tlio rnto 
of 3 gallons to 5 sq jds An mleival of 12 lionrs or longer was allov'O'l 
Leforo it was lightly rolled once ngain Tlie surface was then covered with 
fine chips at the rate of 1} eft per hundred «q. ft. 

The fine chips were spread broomed and rolled in the same* ninnner 
cs described for the npjdication of the coarse aggregate. The surface wn** 
then rolled until it was smooth, unifonn, and fully compacted. 

Cosf — its. 14 per lumdi-ed square feet 

The following specifications have hecn followed in two short lengths 
treated with Bitumuls WllM and Bitumuls and Tar. 
vich cansohilatrd Premtx trtlh 
Dane Course — 

10 cubic feet stone metal graded a* fullova . — 

IJ inch to 1 inch ....... B cubic feet. 

I inch ioi inch . . « . . . Sfcnblefeet. 

) inch down to duet . . . • > 2) cubic feet. 

10 cubic feet. 

This aggregate was mixed dry and formed into conical heaps on the 
surface of the road to he treated.* 

One gallon of water was poured over each followed by 5 gallons of 
Bitumuls WRM end the whole turned over with shovels until thoroughly 
incorporated It was left m heaps for 24 hours. 

A Tack coat of the same emulsion was then applied to the surface nt 
the rate of one gallon per hundred square feet. As soon as this had broken 
the premixed material was spread evenly to IJ inch thickness and rolled 
to consolidation 

IVcarmj; Course — lO cubic feet of stone grit | inch to dust was ploced 
in a heap and wetted with two gallons of water Six gallons of Bitumuls 
WBM was then poured over it and mixed It was left for twenty -four 
hours. 

It w’as then spread evenly to half on inch thickness and rolled to con 
solidation 

The road was then opened to trafiic. 

inch consohilati'd Premix svtth Bitumuls and Tar. 

Base Course — 

lU cubic feet of stone ovtal graded as follows: — 

li inch to 1 inch cubic feet. 

^ inch to 1 inch . ..... 2i cubic feet. 

I inch down to dust ..... 2} cubwfeet 

This aggregate was mixed dry and formed into conical heaps on the 
surface of the load to be treated. 

Five lbs of Tar No I heated to 200OF, was poured over each heap and 
thoroughly mixed with shovels. This was followed by five gallons of 
Bitumuls WBM added cold and mixed until thoroughly incorporated It 
was then left for twenty-four hours before spreading and consolidation. 

c 



The rest of the speoifioation includiog Tack Coat and Wearing Course 
was exactly the same ns for the plain Bitumuls premix. 

(b) Specifications of Armourcoat with Colas Emulsion . — The details for 
correcting the camber and preparing the subgrade by patching potholes 
are the same as described under Bitumuls, 

After this the old surface of the road is cleaned and then slightly 
Toughened by wire brushes and by picking it lightly at short intervals. A 
chase was cut along the edges and bricks laid vertically. 

If there is much camber on the road which would result in Colas flowing 
off the sides, a very thin layer of stone dust must be scattered on the road 
first. 

Coarse stone ballast IJ inch to 1 inch ^vas then evenly spread at the 
rate of 12 eft. per ]00 sft. or inch thick and lightly rolled with a hand 
roller. 

After the initial rolling J inch to i mch grit at the rate of eft, per 
100 sq ft. was spread to till in the interstices to about i inch down from 
the surface. 

The surface was now damped with water and Colas emulsion applied 
at the rate of ^ gallon per sq yd A sprayer was used and care taken to 
get even distribution of the emulsion. The surface was then blinded with 
^ inch chippings at the rate of 4 eft per 100 sq. ft. The surface was 
then made even by a dragbroom and very lightly rolled This done, a little 
water was sprinkled and more Colas emulsion at the rate of J gallon per 
sq. yd. sprayed on. The surface was again blinded with i inch to i inch 
screenmgs at the rate of 3 eft per 100 sq ft and a drag-broom again used. 
The latter operation must be done very carefully as it is apt to pick up 
stones leaving small holes m tbe surface which, if not replaced by hand, 
will render tbe surface uneven. 

After this the surface w.is left for 24 hours and was then thoroughly 
consolidated with a ten ton steam roller. 

Immediately after the rolling and compaction of the armourcoat a seal 
coat of Colas at the rate of 1/5 gallon per sq. yd. was applied and blmded 
with stone dust I inch and less. Cost Bs 12 per hundred square feet 

(c) Specifications for Armourcoat with ii mc7t TarfBitumen Mixture . — 
The details for correcting the camber and preparing the subgrade are the 
same ns those described under Bitumuls 

The old surface of the road is cleaned and then slightly roughened by 
wire bni^lios and by picking it lightly nt inter\als. A chase is cut alone the 
edges and bricks laid vertically to afford lateral support 

Materials . — The following two mixtures of tar and bitumen have been 
used : — 

Miztare A 75 per cent Tar. 

25 p'r cent Bdamcn, 
f, B TOpereonl Tar. 

30 per cpnt. Bitaoicii. 


Tl,, BU„tncn t.sod i. Jteipl.iKo .lO/JO penelrntion the far is Shali- 

fo site in 
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The aggregate of Delhi Quartzite was in the folluiving inu 

jtortions • — 


1 inch itona « 
} „ to 1} inch 

i .. toi .. . 


one«thiid. 

cne-third. 

one'third. 


The proportions of the chippmgs were 


I inch to 1 inch . . • 60p«r«nL 
S/IC Inch to i inch . • 40 per cent. 

Mirmg — i'iie three ditlorent grades of stone were separately stacked 
and, before mining, nie.is.urcd quantities were taken from each of the stacks 
and were spread in lajcra one above the other. These layers were cut by 
a shovel so as to get equal quantities of each and earned to muxing drums. 
^IiMng was done m rc\oiving drums, the stone aggregate being put into 
them at atmospheric temperature ami hot bitumen mixture at 250°P then 
•added at the rate of 3* lbs per eft u» the case of Mixture A and 3 lbs. 
an that of B. 


The cnpneity of the drum is 2 eft. cad mixing is continued until the 
•aggregate is thorouglily well coated One drum turns out 00 batches of two 
eft per daj of 8 working hours. 

CortJfrurfion — The precoated aggregate was then token to the stoiago 
■dump and allowed to cool down so os to develop the adhesive qualities 
of the bituminous material About 2 to 8 days are considered necessary 
■for this purpo«e after which the preconted aggregate is earned to the road 
surface where it is evenly spread with rakes 

The following specihcations have been followed m 4 short lengths treated 
xvith Tar/Bitumen Jfixtures A B 


tnch Vongnhdalcd Premix 
(o) J furlong. 

-Base Course 

as cubic feet metal per 100 sq ft. premuxed with 3 lbs mixture 
"A” per cubic ft of stone. 

SuT^ocin^ Course. 

Spread ^ inch — | inch dry chippmgs at 4 cub. ft. per 100 sq ft. 
and roll. 

ll'carinj Course. 

Seal by spraying Mixture "A'* at 30 lbs. per 100 sq. ft. spread 
Mo ^ inch dry chippings at 3 cub. ft. per 100 sq. ft. and roll 

V7osf.— Bs. 15-8 per 100 sq. ft. ^ 



{b) J furlong. 

JJasc Voutsc. 

15 oft. metal per 100 5q. ft, ptcmixcd 'vitii 0 lbs. mi,xture “A’” 
por cubic ft. metal. 

Surfacing Course. 

4 eft. chips per 100 Bq. ft pretnLxed with 31 lbs. mixture A per 
cubic ft. 

Cast — Ks. 13-12 per 100 aq. ft. 

(c) } furlongs. 

Base Course. 

15 eft. of metal per 100 eq ft. prcrai.xed with 3} lbs. Mixture '13,' 
per eft. 

Surfacing Course. 

Spread dry i to | inch chips ot 4 eft. per 100 sq. ft, and roll, 
iVcarin^ Course. 

Seal by spraying mixture *B’ at 30 lbs. per 100 sq. ft, blinded* 
with 8 eft chippinge and roll. 

Cost. — Its. 10-4 per 100 sq ft. 

(d) I furlongs. 

Base Course. 

15 eft of metal per 100 sq ft. promixed with 3J lbs mixture 
'11' per eft. metal. 

Surfacing Course, 

4 eft. of chips per 100 sq. ft premixrd with 4 Ihs. mixture- 
U per eft. 

Ca^f. — Its. 14-8 per 100 sq. ft. 

N. B . — Tn (a) A (c) after the metal has been promixed, spread and 
rolled, dry ^ ineli — } inch chips are spread at 4 eft. per 100 sq. ft. and' 
lolled Tlieno chip! arc not premixed with any Tar Bitumen mixture. 
After they are rolled in. a ami coat i* applied at 30 lbs. per 100 sft, (4^ sq. 
yds, per Ration) 

The quantities of metal actiinlly used were in excess of those mentioned’ 
rhove hecnusc the tliiel{nes«» nt the edges is more than 11* inches, in otrtcT 
to eorreet the camber. 


Co»f.— Tls, 15-8 per hundred square feet. 
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^pcctficattong for rcxurjacing 1 inch Premix ivith cold Soconij 
I'muUion, latil on Maude Hood (August 1933). 

Materials used . — Socony Emulsion No 3 Bitumen content per cent 
of 105 grade and No. 0, 70 per tent, of 105 grade 

The road surface first cleaned with wire and broom brushes. 

After the cleaning operations a tack coat of Socony Emulsion No. 8 
■at the rate of IJ to 2 gallons per 100 sq, ft was apjilied to the clean 
surface. 

Stone grit passing 1 inch mesh and retained on i inch mesh was 
placed in perforated buckets, wliicli were dipped in larger buckets 
containing Socony Emulsion No 0 These perforated buckets were taken 
rut and, after the excess quantity of emulsion had run out, the material 
ithus pre-mixed w-as laid on the surface to an average thickness of 1} inches. 

After the breaking of the emulsion (when it assumed a dark colour) 
the surface was rolled. 

After thoroughly rolling of the surface had reduced the voids to a 
minimum fine stone chips from i inch downwards were sprinkled on 
the surface brushed even and rolled into the interstices and the road 
was opened to trafEc. 

About 5 to 7 Iba. of Emulsion were required to coat one eft. grit 
in the dipping process. 

Cost — -Bs 9 per hundred square feet. 


Specfficatton for Resurfacing with 1 inch hot Socony Premiz. 

Parliament Street Point P to 0/4 including Circle HI2 (June 1034). 

Material need.— 'Socony .\sphaU. grade 101. 

The old surface of the road was roughened W'lth pick axes and was 
Ihoroughly cleaned. 

hton*‘ grit at atraosiiberic temperature, passing 1 inch mesh and 
retained on ^ inch was mixed with Socony asphalt, grade 101, heated 
to 35001' at the rate of 3 to 4 lbs. of asphalt per eft. of grit Tha mixing 
v.as done m a mixing drum fitted with beaters and operated by hand. 
The precoated gnl was spread on the surface of the road to an average 
thickness of IJ mches and an interval of 12 hours was allowed before it 
was rolled to set. Fine stone chippings J inch downwards were sj/rinkled, 
bru'ihed and rolled into the insteratices and the road wo"! opened to 
tralEc. 

Cost. — Es. 9-8-0 per hundred square feet. 


Rpreification for 1 inch carpet with Col^x, laid on Queensway Point K 
to D and Circus X Material used Cofix of 55 to 50 per cent, bitumen 
content (Spramex of 300 penetration). 

The specification and the process of laying this were the same as 
used for cold Socony Emulsion, except that 6 to 8 lbs. of emulsion 
were required to coat 1 eft. of grit. 

Cost. — Rs. 0 per hundred square f''**t. 
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specification for 1 inch Prcniix coat with Omiul EmuJaion laid on furlongs 
6 to 8 of viile b Delhi-Muttra Road. 

Material . — Onnul Emulsion, Stone giit passing 1 inch and retamed 
on i meh mesh. 

Construction . — The old surface of the road ■which had previously been 
treated with spramex about 2 years prior to this treatment had worn 
badly and had numerous potholes i and depressions. Tliese depressions 
A\ere first filled with stone metal wetted and rammed and the surface 
damped 

A. thiu pnmmg coat of the emulsion was applied to the surface at 
the rate of l/5th of a gallon per sq. yd. A bottom coat of aggregate 
premixed "itb Ormul Emulsion by the dippmg process, and consisting 
of stone gnt passing 1 inch and retained on J inch was then laid, 
a inch to ^ inch stone grit premixed with Ormul Emulsion was spread 
as a top course and rolled till no movement took place About 5 to 7 
lbs. of Emulsion are required to cover one eft. of stone grit in the 
dipping process. 

The road vas then opened to traffic after 2 days for o few days, 
after which the surface was cleaned and n seal coat applied. The road 
nas then finally opened to traffic This has definitely failed to stand 
up to traffic satisfactorily 

Cost . — Bs 10 per liundred square feet. 


Mtx-in-Place treatment of Rohtak Road in 4 furlongs of mile 3 {March 
3933). 


Binders (A) “F. 70'" and Mexpkalte (30/40 penetration) in proportion of 
3 to 1 in Furlongs 5 and 7. 

(B) Colas EtnvUion in Furlongs 6 and 8. 

This section carries mixed traffic with intensive brick csit traffic. 
The road was remetalled in 1930-31 and the surface prior to rhis treat- 
ment bad numerous deep pot holes. 

Scarifying . — The surface was swept and cleaned by broom brushes 
and it was then scarified by means of the Caterpillar Grader and scanfier 
outfit No. 20 driven by a 80 H. P Tractor. The average depth up to 
which the load was scoiified was 3". Owing to numerous potholes in 
the surface very considerable difficulty was encountered in the adjustment 
. of the scarifier which continually required to be< lowered or raised as 
it moved forwards ‘and backwards on tho road. 

A trial was made with a "rootet” driven by a steam road loller, but 
this too did not prove ve^ satisfactory. Employing hand labour for 
piclcing up the surface which the scarifying tynes liad missed, proved 
more gqtisfactory. 


Preparation of sub-grade . — ^Tbe scarified material was bladed to one 
side of the road by means of a sbovel-like attachment on tho grader. 
Tho surface thus exposed was sprinkled with water and rolled. 


First application of binder,— A. mixture of ‘T. 70” and crude oil in 
the proportion of .3 to 1 by volume and heated to 200°^ wag annlied to 
the surface at the rato of 4 sq. yds. to a gallon. ^ ' 


Thu bladed materials which had been graded by hand from 12 inch 
to J inch by this tim© were brought to th© road and laid in a regular 
t\indow m the centre in eufficicnt qunntitj to gno n u earing coat ot 
3 inch thickness. In grading the old balfnst care uas taken that all 
clay and fine mntorinU ucro totally removed. As tlio old surfaco had 
been badly worn th© quantity of old ballast obtained from it «ns not 
enough to make a 3 incli coat and new metal had therefore to be added. 
This was approximately one quarter of tlio total quantity u'<cd. 

Second appUeaiion of binder . — A mixture of 70“ and MexpLalte 
in the proportion of 3 to 1 was poured over th© stack of now and old 

metal from hand pouring pots. This sias done in two applicnticms and 

.lu quantity of binder used in both was at tbu rate of Jth a gallon per 
£q. yd. of finished road surface. Th© ston© metal was then turned over 
and thoroughly mixed by the grader m a number of trips going forwards 
and backwards turning and shovelling th© metal until it was fmly coated 
with th© mixture. Th© prcco.atod aggregate was then spread evenly on 
the primed surface and w-aa con*iolidatod bj a ten-ton steam road roller. 

Stone chips J inch to ^ mch size wore spread at 4 eft. per 100 sft. 

for blinding. No further rolling was done and traffic was cllowed to 

£o over the road for further consolidation. 

Soon after completion the surface showed signs of breaking up and 
ruts formed. An effort was made to mak© the traffic spread evenly over 
the surface by putting guide stone boulders which proved fairly success* 
ful and th© surface improved as regards smooth appearance for some- 
time, The defect appeared to be that the binder did not immediately 
becom© hard enough to bind th© stones sufficiently to resist being pushed 
out under the weight of the fraflic. Hence the surface became very 
wavy and rough. 

It has however, now attained a hardness which is comparable with 
that of ony of the heavy duty materials but still unfortunately retains 
tne uneven surface. 

The treatment using Colas Emulsion was exactly the sum© except 
of course that it was not heated. 

The results were also the same. 

Cost. — ^Rs. 15 per hundred square feel. 


TRE.\TIXQ TltE SURFACE OF A WATFR ROUN’D MACAD\St ROAP 

A . — SiVjimuIs tfcorinp s»r/«cf on Delhi l^ajafgarh ffotrrf, tjufe 2 F 1 
{Oct. 1934). 

.Afatcriol.— Biturauls HX (55 per cent. Bitumen content of 200 
penetration). 

Construction. — ^The surface of the roadway w’as properly cleaned and 
all fine material was removed from tho interstices of the base metal 
lo a depth of at least } inch. 

Any holes or depressions which were revealed were patched with 
crushed metal precoated with Bitumuls HX. 

First application.-— .After preparing the road surface a little water 
was sprinUed on to dampen the surface. Bitumuls HX was then 
sprayed on the surface at the rate of i gallon per sq. yd. and this was 
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Specification for 1 inch Premix coat with Omiul EmuJsion laid on furlongn 
6 to 8 of mile b Delhi-Muttra Road. 

Matcnal . — Ormul Emulsion, Stone grit passing l inch and retained 
on J inch mesh 

ConstrucUon . — The old surface of the road which had previously been 
treated with spramex about 2 years prior to this treatment had worn 
badly and had numerous potholes i and depressions. TJiese depressions 
Mere first filled with stone metal wetted and rammed and the surface 
damped 

A thill piimmg coat of the emulsion was applied to the surface at 
the rate of l/5th of a gallon per sq. yd. A bottom coat of aggregate 
premised with Ormul Emulsion by the dippmg process, and consisting 
of stone grit passing 1 inch and retained on 4 inch was tbfn laid. 
A inch to 4 inch steno grit premixed wtth Ormul Emulsion was spread 
as a top course and rolled till no movement took place. About 5 to 7 
lbs of Emulsion are required to cover one eft of stone grit m the 
dipping process 

The road was then opened to traffic after 2 days for a few days, 
after which the surface was cleaned and a seal coat applied. The road 
was then finally opened to traffic. This has definitely failed tc stand 
up to traffic satisfactorily. 

Cost.— Es. 10 per bundled square feet. 


Hfti'in'Elrtcc treatment of Bohtak Road in 4 furlongs of mile 3 (March 
3933). 


Binders (.1) "F. 70" and Mexphalte (30J40 penetration) m proportion of 
3 to 1 in Furlongs 5 and 7. 

(B) Colas Emulsion in Furlongs 6 and 8. 


This section carries mixed traffic with intensive brick cart traffic. 
The road w’as remetolled m 19S0-31 and the surface prior to tbit, treat- 
ment had numerous deep pot holes 

Scarifying . — The surface was swept and cleaned by broom brushes 
and it was then scarified by means ol the Caterpillar Grader and scanfier 
outfit No. 20 driven by a 80 H. P Tractor. The average depth up to 
which the road was scarified w'us 3*. Owing to numerous potholes in 
the surface very considerable difficulty was encountered in the adjustment 
, of the scarifier which continually required to bei lowered or raised as 
it moved forwards ‘and backwards on the road. 

A trial was made with a “rooter" driven by a steam road loller, but 
this too did not prove very satisfactory. Employing hand labour for 
picking up the surface which the scarifying tynes liad missed, proved 
more satisfactory. 

Preparation of suh-grade . — Tlie scarified material was bladed to one 
side of the road by means of a shovel-liko attachment on the grader. 
The surface thus e.^po^ed was sprinkled with water and rolled 


First opplication of binder.— A mixture of “F. 70“ and crude oil in 
the proportion of 3 to 1 by volume and heated to 200*r w'as applied to 
the surface at the rate of 4 sq, yds to a gallon 



Tbti bladcd malcrinls nhich liod been graded by liaud from 2 iucii 
tj 5 inch by this tuno were brought to the road and laid in n regular 
^\-indow in the centre in sunicicnt qunntit) to give a wearing coat of 
3 inch thickness. In grading the old ballast care ^^a 3 taken that oU 
clay and fine materials were totallj rcino%cd. As the old surfaco had 
been badly worn the quantity of old ballast obtained from it w-ns not 
enough to make a 8 inch coat and new metal had therefore to be added. 
This was approximately one quarter of the total quontity used. 

Second apphcafion of binder. — A mixture of “P, 70” and ^fcxphalte 
in the proportion of 8 to 1 was poured over the stack of no.v and old 

metal from liand pouring pots. This was done in two applications and 

. 11 . i]iuuitit\ of binder used m both wns ut the rate of jth n gallon per 
sq >d of fmtslied road surface The stono metal was then turned over 
and thoroughly mixed by the grader m a number of trips going forwards 
and backwards turning and sho\elhjig the metal until it was fmly coated 
with the mixture The precoatod aggregate was then spread evenly on 
the primed surface and wn.s consolidated by a ten-ton steam road roller. 

Stone chips J inch to ^ inch sire wore spread at 4 eft, per 100 sft. 

for blmding. No further rolling was done and traffic w-as fllowed to 

go over the road for fiirtticr consolidation. 

Soon after completion the surface showed signs of breaking up and 
ruts formed An effort was made to make the traffic spread evenly over 
the surface by putting guide stono boulders which proved fairly success* 
ful and the surface improved as regards smooth appearance for some 
time. The defect appeared to be that the binder did not immediately 
become hard enough to bind the stones sufficiently to resist being pushed 
out under the w-eight of the traffic. Hence the surface became very 
wavy and rough 

It has how’cver, now attained a hardness which is comparable with 
that of any of the heavy duty materials but still unfortunately retains 
tne uneven surface. 

The treatment using Colas Emulsion was exoctly the same except 
of course that it was not heated. 

The results were also the same. 

Cost — Rs. 15 per hundred square feet. 


TllEATiyO THE SUIIFACB OF A WATER BOUND MACADAM ROAD. 

A . — Bifumulg weafnig surface on Delhi Najafgarh Road, mile 2 F. 1 
{pci. 193i). 

Material — Bitumuls HX (55 per cent. Bitumen content of 200 
penetration). 

Construction. — The surface of the roadway was properly cleaned and 
all fine material was removed from the interstices of the base metal 
to a depth of at least } inch. 

Any holes or depressions which were revealed were patched with 
crushed metal precoated with Bitumuls HX. 

First application —After preparing the road surface a little water 
was sprinkled on to dampen the surface. Bitumuls HX was then 
sprayed on the surface at the rate of J gallon per sq. yd. and this was 
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immediately followed by stone chips f inch to I inch, which were spread 
on the surface at tlie rate of 3 3 eft. per 100 sq. ft. An interval of 
about two hours was allowed and then the surface was drug broomed 
and rolled. 

Second ayipUcaiion . — The surface was again damped by sprinhling 
nater and a second application of Bitumuls HX at the rate of | gallons 
per sq. yd. was given. 

Immediately after spraying stone chips | inch to ^ inch we’e spread 
at the rate of 2'2 eft per 100 sq ft After about two hours or a little 
longer the surface was dragbroomed and well rolled, the road was then 
opened for traffic. 

Cost . — Ea 6-8-0 per hundred square feet. 


Theatinq TflE sunFACE OF A Watcu Bou-vd RIacadam Eoad, 


— Tar Bitumen Mixture wearing surface on 

Mile n {Oct 1934). 

Material — 

Rlixture A. 

DeVit-Najafgarh 

Ter No. 2 

Hetplialte 30-40 penetration . 

76 per cent, 

S6 pet cent. 

Mixture B. 


Tar No 2 

Rlezphalte 30*40 penetrAtioo . 

70 percent. 

SO per cent. 


Construction — The initial piocess of cleaning, etc, was carried out 
jis In the case of BUumuIs wearing surface. 

The Tar-bitumen mixture at 250OF was then applied by means of a 
?praycr at J and i gallons per sq. yd respectively of niixtuic A for 2 
furlongs each and J and i gallons of Mixture B for another 3 furlongs 
each, making up the total to a mile. After this application tlie surface 
was blinded with stone chippings 3 inch to J incJi at the rate of 3 eft per 
JOO sq. ft. and rolled 

Cost . — Es 5-4-0 per hundred square feet 


n. — TaEAXINO TtlE sunFACE OF PAINTEP ROVDS. 


Tar-Ditumcn Mixture tveartng surface on DcVii-NajafgarJi IJoad Mile 
(Oct. 19.34). ’ 


Material' 


Mixture A. 


6 


Tnr >'o. 2 , , . 

RIojpJialle 20- iO penetration 


75 per Cent. 
25 per cent 


Mixture B. 

Tnr N'o. 2 . . , , 

Meiflialti* 30 10 ppoeiralion . 


70 per cent. 
80 per cent. 
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ron«<rHcfiott. — Tlio old pAinled surfoeo of tbo cont wns properl;y cleaned 
Bnd nil (lust nnd dirt wn? reinned. 

Tnr-Bitumc.'i im.\hire nt nns then npplied I».v :nt”ins of n 

sprayer nt tlio rate of i nnil i gallons per fq. jd. respectively of inixtiire A 
for 2 furlongs each and J and 1 gallons respoclivelv of mixture B for 
-another 2 furlongs enrli. making i total of one mile. 

The surface "'as then blinded with J inch to i inch stono chippings at 
the rate of 2J eft per KX) sq ft 

It was> then rolled and opened to traffic 

Cost — Bs 2-8-0 per uui'drcd square feet 


Crnicijd concrete /?oad— 

1 2 Fvrlongg oh the old liohlak /food (April 1034). of F. 6 
^ft^e 2 r 1 amt \ of F 2 of Mtlc 3.) 

2. 2 Furlongs on the Meerut Itoad (October 1934). (Furlongs 2 
and 3 of Mile !■) 

The above concrete carriageways arc of an experimental cliarncter 
and have been laid on sections of Provincial roads that are siibjectod to 
mixed traffic with intensive four-wheeled cart traffic. The former has 
'been laid on an old macadam bed m a single course and the latter has 
been constructed as a double course, on a section which had received a 
grouting coat with an emulsion lost jenr. This section soon after that 
treatment started breaking up and just before laying concrete its condi* 
tion was so bad that it had to be closed to traffic. The stone metal did 
not effectively bind together but remained loose and crumbled away 
under the impact of tlio load resulting in a large number of depression 
all over the surface The entire grouted coat had therefore to be 
Temoved to obtain a solid base under the concrete slab 

On the RohtaU Boad to compare the resistance to such traffic of 
concrete with that of other high grade pavements one furlong lengths 
were constructed with 2^ inch compacted coats of Shelcreto, Premixed 
Tar Carpet and Water Bound Tar Macadam. A detailed description of 
these IS given in the preceding pagos. It will be interesting to note 
how the degree of iionr observed with the«e various experimental surfaces 
compares with that of concrete and to determine the economic life of 
each type. 

For the concrete road a section T'-S''-?" has been adopted with a 
central construction joint and an expansion joint at ^*3 ft. intervals. A few 
bays have been constructed of the full width with straight and skew 
joints 

_ Two long bays of the full wddth of cross section have been constructed 
"with an expansion joint onl.v nt the end of each day’s work. Hoop iron 
hexagonal rings have been introduced inches below the finished surface 
Jt is expected that fine contraction cracks will occur following these 
hexagons and large cracks wdll be avoided Edge reinforcement and 
Jf. S. dowels have been given in certain slabs. These various ferms of 
-construction are shown on the plan. 



38 


Materials. 

Cfmenf.— Tho cement used is slow setting Portland cement of BUB- 
brand manufactured by Bundi Portland Cement Ltd. It passed tb^ 
following tensile tests made bv the manufactures with standard sand: — 
1 ■ i ' 

Sand ond cftnenf ratio 5 to 2. 

After n (lu-. .... .121 IN per sq. me!.. 

After 7 (lit' . . . 517 do. 

The cement was supplied m pitt bne^s and a certificate wa<5 fiimished' 
by the manufacturers showing that each consignment was tested and 
that it conformed in all respects to the British Standard sp“L''fication 
for Portland cement. 

The tensile tests made of oaoli consignment on its doiucrv at tho 
site of Tiorlv gave the following results: — 


JliMhfO .Vo?a so»<f and ccmeni ratio 3 1. 

After :ld!»T« . . . 911 Ib<. per 41]. inch. 

Aftor 7 d\Ts . jid do 

The quantity of ccinent used uns fiSA lbs per cubic yard of finished 
concrete. 

— In selecting tho aggregate the various types pf 
stone aTailnblo Mere tested to determine toughness and liardncss and 
degree of wear under wet and dry attrition tests. The aggregates vary 
n little m their granular structure, being fine grained and others 

more coarselv crystalline Tlic supply has been obtained from four 
quarries, two being m Delhi, ihe Jhandownla and Bntia quarries and 
two at Tuchlaqnbad, the Lado Sirai and Alaidan quairios. Knch of theso- 
quarrU's jioliK n liard blue quart.'itc stone. 



The remit ofletlt whieh were carried aft at the Oaveranml rest llame. Calealln, are latmlaM Mow 
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Notet on pelrt^o^tenl ernminalhn by Ote OMloqic'tl SurvtyoJ In tin — ^Th** ■ nr«i hI| ■itiiilAr. lx in^ 'lieli'lj mn n 

Though hard thn rocka aro mhar hnVU« ««d vull lx* • rmtn*>l wmh'r n 7>ri«.liii a ilii*»y ri> vi jr» th*' h" 

potholtH ftml a l^^r^Haurf-vjo during tho rairji. TIjo rock n tl|on«r«iro n'»t ■•111(^111*1 as rovl m ‘IaI, |) irtii-itUrly vriDi h-’.»vy trivrtlt*. 
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It A\ill be noticed from these results that there is veiy little to choose 
^between the local stone, the best being that from Jhandawala quarry. 
The results however suggest that unless a binder haring high ductility ifl 
■used these local stone metals ore unlikely to stand up to heavy traffic. 
'Furtlier, as the vet attrition is much moie maiked than the dry, preven- 
rion of water soaking into the stone is very important. i 

Particular attention was given to the grading and cleanliness of the 
-ngsregate. The following si/es were found to give maximum density and 
nnii.tm iim \oids W’hen mixed in the proportions given below — 

Passing 1} ineh sq. mesh of standard 

wile screens and retained on J Inch 00 per rent. 

Passln; 7 itiih sq mesh of standard 
ffiiu screens and reUined on ^ inch 40 per cent 


The above giacimg was followed for the single course construction In 
■the two couise construction the giading was as follows;— 


F/or lower layer — 

Pasting H inch sq. mesh and retained 
pn f icch sq. mesh . . . 

fOper cent 

(Passiag 4 iooh sq. mesh aad retained 
* 1 on 4 inch sq. mesh . . 

40 per ernt, 

For upper layer — 

Paisiog 1 inch sq. mesh and letained 
on 1 inch sq iiiesh 

CO per cent. 

Passing j inch sq. mesa and retained 
on^inchsq mesh 

40 pel cent. 


The screens used foi grading wcie of steel wiie of which the gauge 
Taried witii the si7o of tlie opening as given below — 

1. Birmingham ^Yirc g.augc. No. 8, for H inch mesh. 

2. Birmingham ^Yire gauge, No. 9, for } inch mesh. 

3 Birmiiigliiun ^Ylre gauge. No. 12, for J inch mesh. 

■I. Birmingham Wire gauge. No. 18. for i inch mesh. 


Tlie percentage of iouK m the single cour'.o nggiegntc after gradin" 
was found to he 88 and in tlmt of the upjici Kn^er of two-course eonstruc'*- 
tion 42. 


Im, .™,1 ,v». ol.tnmcl frran nntural Jenosils in n 

run... l.n..«n ,u Tlu.Iva Nnla 11 ,,,, 1 ., ,,, “ 

Iron Iron, lo.i.ij- ol.ii ini.l ornmnn , miter. A ritll.. d'lv .-nl r ■■ 

(rran Dio trm.ml .nidl.le mi.retl into t 

imen [Utlornu .li.l not luist. Tliis nceo..!(ntel! 

« rnnninr- woDt „„,1 pro.lneo,, „ 
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This snnd S'as not t'* ui*ll pruh d av «as il* viiahlf jind to pi’l n p<v\l di’n*©* 
sand it was hli’iiilcd with nnotlur ►nid fmm lIi- satiir ravine in equal 
proportions A scn-i n ainlv'-u of each of llic«e is pi\en below. 

Ko. I. No. II. 

1. Ptciinir 4 tiir»h and rrlftsnf^ cn 10 I. raittn? 4 treih tad rctalnetl on 10- 

mc»h P per eent niMh VI jyr ffnt. 

2. r*i!*irp 10 rocfh tad rc'tirtd <n £• lO iinh and iftained cn 60 

DO Trf»h per rent. ine»li 40 {cr rtnl. 

S. r*«t:nc DO mr»h trd rclajnrd on 3 CO meth and rcUinfd on lOl 

100 iar*h 6 per cent iiic»h C per cent 

A mi\tarc of equal pirts of these two sands ga\e the following ecreCD- 
anaUsis using S T M si**\ei — 

FsninC 4 roe«h and ret.sined on 10 
raeib . . JO 5 per cent. 

Patting 10 raedi and retained on l>0 
tEcih ..... 41*6 percent. 

PatiinpCOincsh and retained on IflO 

nJ9*b 6*0 per cent. 

A graph of the sieve nnnlysis of tho mixture shows that it comes- 
W'ithm the ponmssihle liinils of n standard sand. 

Sampl'3 for cnt<tiing and tensile strength were ninde ^rith this sand 
as well ns with th.at of rnthanhot for a comparison. Tho results are- 
shown below — - 


A. 

Proportioni. 

Cruabiog 

atrengtb tons 
per iq. in. after- 

I. — Patbaalcot land, atone grit aggregate and 
cement ... ... 

1 ! 11 :3 

3 days. 

l‘S0 

11. — Budbya Kala graded sand, atone grit azgregale 
and cement ...... 

do. 

1-28 

B 

I — Patbanket aand, atone grit aggregate and 
cement ...... 

1:2:4 

Crnabing 
strength tons 
per sq. in. after* 
14 days. 

1-4! 

II- — Endhra Xala ungraded land, atone gilt aggre- 
gate and cement ..... 

do. 

0* 92 


14 days tensile tests for sand und cement mortar in the proportions ol 
1 to 2 gave the following results:-— 

Proportion. 

l-“Patlianlot iitid and cement . . 1 to 2 DlO lbs. persq- in. 

^f*~Bodbya Xala graded sand and ♦ 

cement 1 to 2 416 do. 
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Pathankot is about IW miles East of Lahore and 350 miles from Delhi. 
The sand is obtained from the Chakki river. 

It is a mixed lime stone gravel and hard trap sand of grey or buff 
•coloured particles. The good results that have been obtained in the tests 
made ^rith this sand are due to its homogeneous nature and also to the well 
graded and well proportioned composition. 

The main defect of the local Budhya Nala sand Is that its particles 
•-are of a more uniform size and the volume of its voids is large 

A comparison is given below; — 

1. Void percentrijre in Patkankot snml ..... SO 
2 Void perc^ntaije iti antjraded Hitdhy.i ^.tlasand . . 3-i 


By grading the sand between 10 mesh and 100 mesh the voids were 
Ifound to be 28 per cent 

The results of tensile tests nith giaded Budyn Nala sand were satis- 
factory, giving an average of 415 lbs per sq. in after 14 days Those of 
Pathanhot were 610 lbs per sq m after the same period. 

IT’atcr. — Care was taken that the water used was clean and available io 
-adequate quantities A continuous supply was maintained throughout the 
period during which the concrete was laid and cured. A pumping set 
was installed and a pipe line was laid with hydrants at short intervals. 
This ensured an efScient water supply. 

The quantity of water per bag of cement was approximately 4*76 
gallons during summer months and 3J gallons during winter. 

Occasional slump tests were made to check the consistency of the 
•conctcte The slump was so little as not to be measurable but when 
actually laying the concrete it was found to yield an appreciable quantity 
of Inita’nce on being tamped. 

In addition to the slump test during mixing operations cylinder blocks 
4 inches dia. by 8 inches long were made of the mixed concrete each dav 
for compressive tests. 

The results of 0 tests gave a mean compressive strength of 3075 lbs. 
per sq. in., the maximum being 6400 lbs. 

Siih-ffradc U'orJ' — ^Tlie old surface of the road was picked up where 
necu<sary to give a regular grndient to the concrete road and also to bring 
the base to the profile of the slab. ■“ 

layer of chiiktrs and ash was spread over the picked up rough smface 
•of the subgrado. The average thickness of the layer was 2 inches. It 
%wis well roiled with a 12 ton roller with plenty of water. The suiface, 
when dried, was hard, well set nnd evtn. 


A tinn Inynr of Jumna sand was tlion spruad to prevent the cement 
mortar of tl.c craicnto nmiiins down into tin- clinker coat The sand was 
1.,-pt moist In il.inipinR it nilli n niit.-rinj; can littod Mill, a fine rose 
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t'amf'fr — Tlio croe« fill from llio *M^co of thij rend to n point 0 ft. from 
at is in n flopc of 1 in 72 ntid tho «Tntral portion >« fntnlK'rr'd to n cunc 

Jlfiririj ninf ffrpoji/irNj — Mixiiip ttnv done by linnd in Untclicts UMOg 
4tto bnp« of coinont p<’r hitch of moftsiir*^ nfcn*pntc In lolntne. 

Wooden boxes 12 inclu-s h> !2 inchoM, !»> 14 inclici nerc used for 
•njeasuring npprepate nnd vnnd to fncilit.i1<* nn nccvirnto proportioning with- 
out haring to measure cement. 

For the smplr coiirFc construction in 1 2 4 proportions, cncli hatch 
requires t lucnsurm of sund. of IJ incfi hrohen stone aggregate r>nd ') 
of I inch to I inch fines 

For the two cfuirve ronstnictmn the hatches for the lower Inver were of 
•■the same proiortions ns for the «mpie »-niin>e The batches for the upper 
later required difTeront n»easunup l)o\»-s These were 12 inches by 12 
inches by 21 J inches. In cnch batch two hags of cement Ttguired 2 
•measures of eimd and 4 of negregatt* 

Each batch was separately mixed and handled by tho men allotted to 
-it and the mi.\c(I iiiatermls- wm earned m iron pans and deposited in tho 
bay under construction Watir was added by measure using watering 
■cans witfi fine roses 

Mixing platforrns were ariaiiged at such intervals that the period 
’between the mixing of a batch and carrying it to the site did not exceed 
15 minutei The treatnient of tlic concrete after depositing was a matter 
which required great care and attention. 

The concrete for the bottom course in two course construction "ns 
placed directly upon the base and was thoroughly rammed as it was being 
■deposited with cast iron raumicr** of ft inches dm. aii'l about 14 lbs. in 
■weight 

This was done in order not to lenvc nn\ \oids and to spread it »o tlio 
-required shape. The top courcc was added within 15 minutes of the lay- 
ing of the bottom course and was well tamped with .i tamper, rigid and 
'Shaped to the true ciii-ve and cross slope of the camber. The tamper has a 
tamping edge 2 inches w'ide shod with a steel strip J inch thick. Tamping 
was continued until all voids had been ohminated. 

Immediately after finishing the surface the concrete was efficiently 
■protected from the sun by tenting with canvas nailed to a wooden frame 
work and within 24 hours after depositing, the surface of the concrete was 
-covered w-ifh canvas or empty jute bags which were kept wet. 

The surface of the concrete was finished by means of a 4 ply how belt 
1- inches wide This w.-is about 2 feet longer tlian the width of the slab and 
stretched tight by means of a wire fixed to a wooden block at the end and 
n’as moved with a coinliiued ciosnwise and longitudinal motion across the 
surface w-ith a slight longitudinal advance. This beltinn' was given to the 
nished surface of the concrete in order to produce a uniform surface finish 
^■ith a grittj te.xture 

1. Types of Conutruciiott. — ^Long Bay construction with hexagonal 
Jioop iron reinforcement rings. 

The length of such bayi, was kept at 09 ft. and these were constru 
■of the full width of tho roa<l without a central joint. An expansion 
inch wide was given .it the end of each bay. 
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Tlio inetliod of constr«ii*tltm wui the ‘•aiue iiw that for » t^\{)*course- 
concrete cotistnietion Hu* sti-ej lijojiv M't»* um d in the surface laUT la 
regular panels, the hoops lieing nir.ingttl Hlterr.at<*ly. 

‘2 Strip Constntctinn — ^This tiirthod of construction has been largely 
followed both for single course and t\\o-course construction and is from the- 
construction point of view the simplest. It also nffords facilities for 
controlling traflic In mahing it fullou uell defined tracks. It has the 
additional ndvantneres of muking it easy to obtain a true longitudinal grade 
and camber uith short tampers and longiludinnl fo»-ins. 

Cost- — Its. 58 per hundn.*d square h*ct for 7" — 5" — 7' section 


8 feet wide cement concrete and 16 feet wide 2\ inch Tar Carpet with seal 
coat and inch sheUcrete laid In 1 furlong of furlong 8 mile 2 and 
i furlong of forlong 1 mile 3 on Kobtak Hoad. 


The old surface of this road was badly %\orn and had numerous pot- 
holes. This necessitated picking it up to a depth of 3 inches and renewing' 
it adding a 3 inch coat of new metal 

The width of tlie ro id in the section M’lected ib 24 feet. This width 
was divided into strips 10 ft and 8 ft wide respectively. 

The 10 ft wide portion was brought to tlic required grade und camber 
Q8 a water bound Macadam road to a level 2} inches below the proposed road 
level. The 8 ft wide portion was simihirh brought to a finished sub- 
grade surface with nshes ete , us described nndei Conciete Hoads at a depth 
of 0 inches below the piopo«ed ro.ul h*vel I'o keep tlip exposed edge of 
the 10 ft. length as a milv vertical joint the last 1 ft width on the side 
where the Cement Concrete road was to be laid was consolidated as a 
Cement Mortar hound road on the sandwich sjsteni against a steel 
fown After setting and removal of the steel form tins vertical edge was 
plastered with cement plaster and the Cement Concrete strip laid against 
it. 


Cement concrete sn the pi-o|»ortiou of 1'2;4 was laid in the eight foot 
strip with a O — 1 — 6 inch section h.iving a camber of 1 jn 72. § inch 

expansion joints were provided at iuteivnls of 33 ft. and filled with pre- 
moulded asphaltic filler. The general specifications for preparation of sub- 
grade, and mixing and laving of concrete were followed. 


Tor 4 furlong the 10 ft strip was treated with 2t inch Tar carpet and 
a seal coat and the other 4 furlong with 2j inch Sbclcrcte. The 24 inch 
carpet coats of Tar and Shelcrete were laid according to their respective 

standard specifications 

This concrete with asphalt or tar carpet lond was intended to carry 
heavy loaded bullock carts the concrete strip being on llie left of the roid 
in the direction in wliich most lo.idcd carts travel. 


Ccif.— C«ment Concrete 6"— 4"— £" 

■clionSfl..,;,!. . . 

JC ft. wide CJ" SheK-rete orTar . n* 21 do 
Averaje co, l.—Es. 25 per hundred square feet. 
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te on patch work with Socoflx and SocofaU in farlong 8 ol MUe 9 Rohtak 
Road. 

Es^^c^ilnonts with "S^cofix” find “Socofnlt” wnv cf’rricd out in fm'ill 
tchc-s on Rolitnk Rond, whcro tho oH road liad many deep p^tliol-s. 
fferent patche'5 \\pro Irratcd with different methods ns follows: — 

( 1 ) The surfnee of the rond after beinp cleaned was piron n tncU 
coat of the mntorinl. Slone pril 2 meh to 1 inch preeoited 
with the material at the rate of J of a gallon per eft. 
spread over it and this w.a« then covered with Bndarpur s ind 
precoatod nith the mnten.al of the rate of • of a gallon P"r 
eft and rolled 

(2i The fame method was followed as Xo. (1) but Badarpur sand 
was mixed with 10 per cent of fine filler (road dust). 

(3) A small stack of stone gnl sufTieient for the patch was made, 

o\er which Socofalt was poured nt the rate of J gallon per 
eft Tins was then mixed with a phoicrah, till the grit was 
fully coated 

A tack coat was first applied on the patch nod tho prccoated mttal 
spread over it It was then rolled wifli a hand roller am/ 
opened to traffic 

(4) The surface of the road was first painted and covered over with 

stone grit It was then rolled before opening to traffic. 

Those materials have only recently been introduced nnd consist of 
Socony Asphalt mixed with different cut back oils in different 
proportions. They can be usod cold like emulsions but have 
the advantage of o much higher bitumen content. Socofis 
hardens in a comparatively short time while Socofalt does so 
only after about 12-21 hours. 


inch Waterboand Tar Macadam coat laid on 1/2 furlong 4 and 1/2 furlong 
5 of mile 3 Rohtak Road. 

iVafcriaf vted ShaUmar Tar No 2. 

The old surface of the road was bodly worn and had developed numerous 
holes The surface was picked over to o depth of 3 inches nnd the 
tenal obtained was spread on the surface the Bcreenings being at the 
tom and the bigger metal on the top. New metal was added wheie 
Pessary to make up the thickness of the metal to 3 inches. 

This was liglitU rolled, the purpose of rolling being to interlock the 
'pes A small quantity of fine cloy was used to net as a binder. 
Is done the roller was taken off nnd a layer of 2i inched of inch 
itai precoated with Tar No. 2 nt 2.^0®F at the rate of lbs. per eft. 
s spread while hot. 

Before rolling, 4 eft per 100 sq. ft. of -J inch to ^ inch bafri precoated 
th Tar No 2 at 2.')0'*F at the rate of 3 lbs. per eft. was spread while 

D 
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Tlip rond wns rolled drv. till no movement took plnco. At tins stag: 
rvtt rollnis vas bepun and ■eonlmuod until ndetiunte compaction took plac- 
water being acWcd gTnduaUy. 

When con-o\i(latiou was complete. tUe fine material from screcntng 
A vov tb-> <ourfnce and thorouglilv washed m w'ltli copious wate. 
S allowed to stand for 24 hours to partially dry when a final light ro ic- 
was given. . 

Trafhc was hept off the road for a week and the road was kept f:- 
o more. \ seal coat was apj.licd after two months u«mg Tar ^o. - 

at the'^vate of l.i lbs. per ICO sq.iect. Tho seal coot rvns not origmallT 
Siiecified but was done because tlie surface showed signs of breaking up. 

C0it.—2\~ Tar carpel Its. lS-8 Jicr hundred stjuare feet. 

Seal coat Bs, 2-8 per hundred squara feet. 

tH iiicli prcniiicd CMI tiiDi Hoi Socoiiii .Isplmlf laid in jurUngs 2 and 3 
of Mile 1 of MecTvt Road. 


Materials— Bitumni.— Hot Asplult grade 101 of Standard Vacuum 0i 
Co., with a cut bach 

Aa'jrcgates.-^Tor binder coat U inch to 1 inch stone metval. 

Tor Veaung coat, i meb to mch stone grit ^ 

Prfporatioiv 0 / Bose — ^This section 01 the road had been given a coa- 
of two inches metal grouted with Colfiv Emnision m the year 1932*33 which 
soon aittei la\mg showed signs of detenoraiion and gave way under th* 
wei'^ht of mtuusive btick-cart traflic which this section carries. It wos JO 
such bad order as to ncce-^sitate complete removal before laying the pr®' 
mixed coat. The base, after removal of the grouted layer showed manj 
loose spots which where picked out. Prior to laying the premised coat, 
thev were catefuilj filled up with premised aggregate, levelled up and 
lolUd so as to form a hard ba^o 

Pifprtirttmii of Premtr— The .\sphalt (Socony 101) was heated in a tar 
boiler to boO-F and the correct quantity at the rate of 3 lbs. per eft. of 
Btone met.al w’as drawn off from it into a bucket. To this was added a cut 
back. Socosol, at the rate of 1 as. to every 1 lb. of Asphalt. 

The cut back was made by mixing Socony A'^phalt 105. of 80 — 100 
penetration and Ivcroscne oil. The Asphalt was heated to 250®F in a ta^ 
bniler and was dtaw-n off into a container in which it was mixed with 
Kerosene oil in equal quantities by volume. 

Th'' aegregate was mixed in locallv made drum mixers mounted nn c 
wooden frame w"3rk. Each mixing drum had three mixing arms fixed 
inside which prevented the ajreiegate from sticking together, I 

The mixture of Hot Asphalt and Socosol 6 lbs. weight was poured over 
the 2 eft. of stone metal in the drum which was then rotated by two mer 
150 times, after which the premixed material was taken out and cartcc 
in wheelb.irrows to the site of work. 

CrinsfnirflOH — 

Biailfr coni.— Tha premK n-aa erenlr spread on the road to an nr 
compacted depth of 2 inehea and rolled by a steam roller till no mOTem 
took place. 


fortf. — Stoiif* t’hij'pinpe J inch to J inch size?, mixed with fine 
•<lust in equal ]iroj> irtioii's \\«ri' j>n'mix<d m tl>c «ajne manner described 
Rbo\e niid »^i'rtad on the biiidir i\nir«e to an tincompacted depth <f 1 inch, 
Olid consolidated. 

Fine stone dii't ^^ns then p^^Md on the <nrf.icc nnd tlic ro.ad op^'n^d 
to tratbe. * 

reif.—Ils. 17-8 per hundred squ.nre f*«d 

fspreif cation for n?e/ie? 7n«n»fle frtrd lu furlong 3 Milr 3 of G. T. Iloai 
to Mrrrut 

}fo‘ir,a]. — Truum.ie Av| lialt eeiiient is jinqi-ired h\ inixiiij; Ttinuliil 
X.ahe A*‘]’bn;t and l1ii\ <iil i)\ t.akmg 80 parts of the former and 20 of the 
latter The thi'c oil u a n*sidu il proiuet of Pctroli'iiin distlll.ition and 
should ha\e a dasli jtoint <>f 400^F. 

To iiropnre the \splialt c«ment, the Labe A«phaU is heated in a t.'ir 
boiler to a temperature of 2 ’> 0 ^r and the fl«i\ oil is gradually added, the 
ontents being thorouchh stjrr»“<l ‘o as to eiisure complete iiicorixiri.tion 
I the asphalt with the flux oil 

Aggregate — For hinder course 2 mclies to 5 inch. 

■Wearing surface. ^ inch to dust 

Gmcral /triurtrl.* — Tins section of the ro.ad was treated with Premixed 
ourse of Socon\ Ihnulsion varxmg from 1 in to 0 inches in thickness, 
'he surface, however soon after that treatment disintegrated and It becamf 
lecessnrv to remove it completely before lading tho Trinimnc. 

yonifriicfioii— 

liiiuhr CouT9r —Tho Tnnimac Asphalt cement prepared ns nboTO Tcnt 
leatcd to a ts'inpenturc of in a tar boHcr, and drami of! into a 

lucket and mixed with nggrcgnle in a rotaiy mixer, tho stono oggregato 
jemg at atmospheric temperature. 

4 8 lbs of Asiihalt cement were required per eft. of stone nggrognte to 
'omplrtelv co.rt everj particle of it As soon ns mixing was complete 
die Tnnimac was taken out of the mixer and carried to the sito of wark, 
wheip It was stacked and u«ed cold. It was evenly spread on the prepared 
base to an uncompacted thickness of 2J inches. It was then rolled to, 
complete consalidation with a steam road roller 

11 raring surface — The proportion of aggregate to asphalt cement was 
the same as m the Binder Course. The wearing surface was spread immo* 
di.iteh after the consolidation of the binder course and was rolled to final 
consolidation. The total compacted thiclmcss of the two courses wrs 2J 
mehes The finished surface was then dusted over with stone dust and 
a final rolling gUen before opening the road to traffic. / 

Cori —Its 22-4 100 sq ft 

Specification for Stanotread treatmeni of ^ furlong of furlong 2, furlongs 3 
and 4 and ^ furlong of furlong 5 milr C of Muttra Uoad. 

Matenah — Socony Asphalt grade 105- 

Socony Emulsion No. 3. 
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Thn existing toad surface ^^as jjroporlr ck-aned, and all potholes of 
1 incli depth or over repaired with precoated aggregate. 

Socony Asphalt grade 10.) was sprayed at the rate of 50 to CO lbs. per 
100 sq. ft. on the prepaied surface, and stone metal passing a 1^ inch 
ciiculnr inesli and retained on a J inch mesh was broadcast on to the hot 
Asjdinlt at. the rate «f 12 eft. per 100 sq. ft 

Tliis caat uas lightly rolled and metal added or removed as necessary 
to get an approximately true surface. A further 5 to 6 eft. per 100 sq. ft. 
of stone chips jinssing ^ inch mesh was then spread, and rolling commenci-d 
with a hca\y dragbrtwm attached behind the roller. 

During rolling and dragbixioming more chips ^lero added as necessary 
wherever the texture of the surface indicated a shortage. When thi 
surface texture was ahsolutelv uniform, it uns treated with 3 gallons per 
100 sq. ft of Socony Emulsion Xo .3 and left for 3 to 4 hours without 
distuibing the surface in anvwny. 

Finnllv, a little fine pit was spread over the surface, which was again 
rolled and dragged before bfung opened to tr.affic. 

Coif — Its 11 per hundred sq ft 


TrflcJ.*fcnt/« on an earlh rood. 


Badh' Road — This e.arth road of the ordinary village type which in » 
length of C furlongs from the Karnal Ito.>d to Bndli ifnilwnv Station 
has been bridged and graded was selected for improvements with various 
tracks laid direct on the earth formation Tlie trafBc on this road is 
almost entirelv village carts from the neighbouring villages During the 
rains when all other tracks in the vicinity are submerged, this road gives 
the only access to the ^tain road 

The following tracks have been laid' — 

(1) Bharatpur stone slabs 4 inches thick in a 200 ft length. 

(21 Plain Cement concrete tracks 0 inches thick in 14 furloncs 

(3) Cement concrete tracks with reinforcement of mild steel bars 

at top and bottom in 1/2 furlong. 

(4) Plain cement concrete trecks G inches thick inlaid on top with 

1 inch Slielsheet in 1 furlong. 

(5) Cement concrete traeks ^^ith >r. S. reinforcement at top and 

bottom inlaid with 1 inch Shelsheet in 1 furlong. 

(f)1 Cement concrete tracks 3 inches thick over 6 inches lime concrete 

in 1 furlong. 


(71 Cement concrete tracks 3 inches thick over G in 
concrete inlaid with 1 inch Shelsheet in 1 furlon^’ 

I’o.Tcf’tt';' "■si"’'! 


»uk;uL'& nine 


Thf onrth was laid in layers of 1 foot thickness and 
l^cr was thoronsWy well watered and eonsolidaied with t 'eTsSo™ 
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Tupr$ of Confintciioji — (1) Hhanttpur ttone — Tlicso P*nbs nro 

■4 inclio« Illicit nii<l S to 10 ft lone ntid haxe I>tcn Iniil on tlic onlitifiry 
soil The cloa*' «pace botworn them witi tl ft Hefort' Inxitij; thr^o «Inb<» 
the canh dre^^^Cfl. rammed awl wutxred I’lntn b\»U jnmt» xxefe ci'cn 
nt tilt' ends of the slnlis 

(2) P/ain Cfnioil Concrflo (rorl« — In c iislmcting the Irachs iron 
side forms acre ii<cd Tlnse atre Inn! for the full track and liotli the 
strips a’ere concreted at the -••me tiiin Tin -nU* forms acre held in 
position bx lonp iron pep* bt doan into tlic pround and bx aooilcn struts 
a-hich served l>otb for pavipm^ and r» sistmp «ns tnunrd luoseliienl of 
•the forms 

Prior to laxinp tlu concn'le tbc earth xxas thoronpblj rammed ami 
a-atered and n thm hi\er of tint s.md ans spread utuformh ond damped. 

Aggregate — The coarse aggrepnte consisted of the folloaring prodes 
•of stone ballast — 

(1) Passing li inch and retained on J lucli G(l per cent. 

Passing J inch and retained on i inch 40 pci cent. 

(2j Passing | inch and retained on J inch Co per cent. 

Passing i inch and retained on | inch 40 per cent. 

Fine aggregate —The sand a*as taken iiom Budya Nala and a'os a 
sharp, clean and hard quartzite simd. Two grades were required to be 
combined to produce a hand uith the standard gr.iding. See details of 
concrete Bonds 

.Uinng. — The mixing was all done by hand, Brick platforms were 
laid out at suitable points m each furlong and tlic required quantities 
of matenul uere collected in advance of the work. Tlie water uas drawn 
irom wells situated about half a furlong away from the road and sufficient 
quantity xxas stored in Tanks erected at three places nt almost equal 
distances m the whole length of the road. The water was clean and 
iree from deleterious matter. 

The general details of the xvork uere precisely the same as have been 
•described m the note on concrete ro.nds 

(3) Cement Concrete with reinforcement. — ^The general details of con*- 
struction m this type of construction were the same as for tlie plain 
•cement concrete The reinforcement steel consisted of four mild steel 
round birs 4 inr-h diameter placed nt the bottom 2 inches above the 
bate and five mild steel bars four feet long and of the same diameter 
at each end of the strip The bars were suspended by xvire and kept 
at the correct distance apart by using wooden templates. 

(4) Plain Cement* Concrete inlaid with 1 inch Shelsheet. — ^In this type 
■of construction the upper surface of the track strip was depressed by 
one inch leaving a 3-ineh concrete edge on either side during construction. 
The depressed surface was kept rough and diagonal lines were also made 
in it at short intervals This was done to prevent the Shelsheet from 
being pushed under traffic. 

(5) Cement Concrete Track toith reinforeement and inlaid with 1 inch 
Shelsheet. — The details of construction of this type are the same as 
■of 3 and 4. 

(6) Cement Concrete trachs 3 inches thich over 6 inches lime con- 
crete. — In this type of construction the general details were the same as 
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in other types. I’lior to laying cement concrete n I)C(1 of lime concrete 
laid. The side fonn'i were mndc ^\Uh 0-inch dry bricks laid flat 
and 0 inches high 

The lime concrete consisted of mortar of one part of slaked lime and 
three parts of Bndarpnr s.and nud Delhi qua»t7itc stone aggregate pa'sinc a 
1^-inch Rcieon. *10 per cent, by volume of %vct mortar was added to the 
aggregate. The cement concrete top coat was laid after the Vimo concrete 
had nell set Before laying it the suifaee of the lime concrete bed ‘US 
roughened to give a hond. 

(7) roiicnt ConcTrtc irnclcA 3 /nclic« thick tnih 0 inches lime conerdt 
inlaid ivith 1 inrh Shclsheet . — In this type of construction the details cf 
the Moik are the same as described obovc. Tlie upper surface was con- 
structed m the same manner as type 4 

Joints. — The joints are 33 feet apart and \vere filled with premould^^ 
asphalt filler. 

The tracks on completion were kept wet for 14 days The space 
beU\een them was filled vith earth and the sides were made up and 
thoroughly well rammed with band rammers. 

Traffic was allowed on the road after the earth work was completed. 

The premoulded asphalt filler was prepared as follows:— 

K.'cpansion on concrete roads has been provided for by | inch espansioa 
joints filled with premoulded MeNphalte joint filler. This filler has been 
mad© locally from klexphalte, Jumna sand and Buwdust 

The Mexphalte was hciited in an iron pan to a temperature of 250®F. 
A mixture of sand and Sawdust in equal proportions was graduaUv added 
and the W'hole thoroughly stirred, til! the material became stiff. The 
quantities required for making 20 Joint fillers four feet long. 6 inches wide 
and ^ inch thick 'vera one cubic ft each ot sand and Sawdust and 5 
gallons of llerphalte heated to 250®F. 

The material was poured out into wooden moulds each four feet long 
and six inches wide and lined with paper. It was rolled with a wooden, 
roller and dressed to shape The strips of the filler were then buned in 
sand where it hardened and was then ready for use It can be cut as 
desiied 

The filler -^nss placed against the face of the concrete of the bay already 
laid at the joint and concrete of the next bay was laid against it 


Spectficaiion for applying seal coats. 

SpeI coats lio.e been provided on some of the roads to prolons the 
life of the road surface Various mateiials have been used to? this 
purpose including Colas, Colade, Shclmac, Spramex and Tar 

The potholes and depressions in the road Here filled lo 1 a 

bv pateliins before starting the iiork. This done th ?! ' 

Ihoroitghl.v eleaned free from dust and the senjin" materia? .urfaee was 

iOO s. ft. .nd-earef.,ir^?neThr«„e^^^ -^^to^ ciC 



.Ur. ir. //. TJran (the Authftr)’ Hn' loiiri'l ninp of Df’llii. 

Tou have nil boon pi\on tlm momin?. lia«; ftil on it of nil n rcferi-iicc 
lo a ^holo scric*. of iIifTcrrnt K|i(cinc.ntion« lo «hic!i roacU have been 
surfaced and to flio eorTi“;j>ondinp nnml)«T ns imr!.«d >n red on the iinp. 
This enable vou to in«poct any roads in«IejH'iidrnJl\ . if son find time 
and the desire to do so. 

I have a little nddilional information m rep.ird to the costs uhicb I 
a\ii! be nble to pire any of yon who want it a* 've po ronnd—costs <4 
our stone metal and costs of carlinc — w-hich "ill be useful for comj'.ari«on. 

There is one other point which 1 nm o little ililhdcnt ir. mentioning 
but which I feel !■' somcthinp that ought to be cle.ircd up, and that is, 
theordmarr nomenclature to he used in describing work on ro.ads. Wliea 
I was pomp round on this tour, I heard ptojde tall, of gallons per square 
yard, pounds jior square sard, tons inr tnile, niul so on Here I h.nve 
tried to confine mypolf to pounds per 100 <sqiinrc feet The yarj is not 
by any ine.ans ptnemlh used in India as i, unit <>f miMsurenient \Vc 
measure our metal m units of Itifi « ubic feet and «>tir iin .is in units of 100 
square feet. I feel tlial the xanl is «- unit wine), iniglit be dropped 
I have got a few fipires also conxertinp fn\ iiniK into tons per mile, 
which I can give fie we po round to any people w ho .ire more f.aimhar 
with that method of desenbmp what th*v do 

There is one additional thing wliieh I hu\e been a«»hed to slio\\ people 
as we go round and that »s n mctbcKl of wsmg waste bituminous mttal 
dug up from roods. We found that we had a few coinparativel,\ un- 
successful experiments wlicre we had to dig out the surfaces, and also, 
on other occasions, we allowed roiuU to be nlino«t loinpletely destroyed 
in order to see what their life 'was. and had to d'C tliem up We had 
thus got a lot of wasto bituminoiu metal which wo Imre been using 
for paving our side walks There is a «p'‘cimen near >riuden’« Hotel 
It has been there for ten months and it seems fairly satisfactory. Wliat 
We do is this We take -lOO fjounds of bituminous scrap and heat it m 
an old drum with an opening along the lop. about 18 inches wide, and 
when it is fairly hot, and has been stirred, we put in a varying quantity 
of crude oil— about 2 or 3 pounds In the hot weather we find that this is 
not always necessarv. but in the cold weather it has to bo fluxed with 
a small qnantit,v We tlien add pounds of bitumen, .and it is then 
taken out in closed carts as hot as possible and spread on the levelled 
earth surface of the side walk and trowelled to about an inch thickness. 
That Is going on on one nf the roads that wc shall po over, and I have 
been asked to show that also to the Congress, nlthoiiph it is not mentioned 
in ifinerarv or in the notes 

Chairvian There is nothing else, gentlemen We assemble here at 
2-30 p II. for an inspection of roads. Ther© is one point which I might 
suggest to Sir. Dean, and that is, in going round, he might indicate 
the different work is financed My reason for suggesting that is 
that part of the work which is carried out is, as Mr. Mitchell has explained, 
for experiment. Some of the roads are roads belonging really to the 
Mumctpal Committee. We act as agents in maintaining them. Some 
mims are in the Chief Commissioner's charge. T think it would be useful 
could indicate winch is which, «!o that people may understand 
why it is that in different places we are trying the same thing. 

The Congress then adjourned for lunch. 
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in other type^ I'rior to laying coinont concrete a hed of luTie concrete 
laid. The fide fonm were made with Odneh dry \iricks laid 
and 0 inclio'; high. 

The licne concrete consisted of mortar of one part of slaked hmo and 
three parts of Badurpur sand and Delhi qiiart7itc stone npgregnte pA'sin;: n 
IVinch boieen. *10 jier cent, by volnine of wet mortar was added to the 
aggregate. The cement concrete top coat was laid after the Hmo concrete 
had Well set Before la\mg it the suifuce of the hme concrete bed 
roughened to give a bond 

(7) Crjiirnf Ccincretr irarh^ 3 inches thick u'Hh 6 inches Umc coacrch 
inlaid n-iih 1 inch Shclshcet. — In this type of constiuction the details “ 
the woiU are the same ns described abo\c. Tlie upper surface was toc- 
stnicted in the «nme manner as type 4. 

Joint,? — Tho jobats are 33 feet apart and were filled with preniould^d 
asphalt filler. 

The traclvR on completion were kept wet for 14 days. The 
between ihcMi was filled with earth and the sides were’made up 
thoroughly well lammed with hand rammers. 

Tratl'ic was allowed on the road after the earth work was completed 

The premouldcd usplmlt filler was prepared as follows.— 

Expansion on concrete roads 1ms been provided for by | inch expansion 
joints filled with prcnioulded Moxpbalte joint filler. Tills filler has beea 
made locally from MexphnUe, Jumna sand and Sawcln-st. 

The Mexphalte was heated in on iron pan to a temperature of 25()oF- 
A mixture of sand and Sawdust in equal proportions was gradually added 
and the whole thoroughly stirred, till the material became siff!. The 
quantities required for tn.ilcing 20 Joint fillers four feet long, 6 inches wide 
and I inch thick were one cubic ft. each of sand and Sawdust and 5 
gallons of Mexphalte heated to 250®F. 

The material was poured out into wowlen moulds each four feet long 
and six inches wide and lined with paper. It was rolled with n wooden, 
roller and dressed to shape. The strips of the filler were then buried in 
sand where it hardened and was then ready for use It can be cut as 
desiied. 

The filler was placed against the face of the concrete of the bay already 
laid at the joint and concrete of the next bay was laid against it* 


Specificalion for applying seal coats. 

Seal coats ha.e been provided on some o£ the roads to prolong the 
life oi the road surface Vanoos m.aterials haw been used fo? this 
purpose including Colas, Colade, Shelroac, Spramo.v and Tar 

Tlie potholes and depressions in the road nere filled in . • j 

bv patching before starting the work Thi” donp H 
thoroughly cleaned free from duct and tho ':eaiin<T mnfp f 

dOO .. it. and roreiii.r;r.,eTl&rl.e1 a'n^= o^^L^to^ tfeie^ 



Mr. .1. Tr. U. TJfan (the Tlio map of Trliich 

Tou have nil been Ri\rn tli!«; monunp. Iia« p't on it fir^t of nil n n-fennee 
lo a ^hole series of difTorent reifications to uliich roads Invo been 
surfaced and to flie coiT*'«j>ondinc number as isnrl.td red on the nnp. 
This will enable you to inspect any roid^ indep’udently. if jou find tinie 
and the desire to do k). 

I bare a little additional information in re^nnl to tlie costs which I 
will be nble to five niiy of you who want it ns we po round — co«ts of 
our stone metal and costg of carting — which will be useful for comparison. 

There is one other point which I am n little ditbdcut ir. iiuntioning' 
but which I feel i*> somothinp that ought to be cle.ind up, .and that is, 
the ordinary nomenclature fo be u^od in de«cnbmg wer): on roads. When 
was poiug round on this tour, I heard people tall, tif pallotis per square 
•ard. pounds l>cr square yani, tons per mile, and so on Here I liave 
ried to confine myself to pounds per 100 square feet The yard is tiot 
IT any means penenill} used m Indt.a ns a unit of me.isim'inent We 
neasure our metal m units of 100 cubic b*el ami our nn as in units jjf lOO 
;quare feet. I feel that the ynrd is i. unit which might be dropped. 

[ bare got a few fipircs nlso contertinp m\ unit« into tons per mile, 
rhich I can pire as we po round to any people who are more funiliar 
rith that method of desenbinp what thev do 

There is one additional thing which I lm%e been nsKcd to show people 
IS we go round «md that is a methcKl of U'lnp waste bituminous metal 
lug up from roads. Wo found we li.ad a few comparati\ol,\ un* 
successful esperiments wlicre we had to dig out the surfaces, and also, 
>a other occasions, we allowed road? to be nhno't lompletcly destroyed 
n order to see what their life V.as. and w> hod to dip them up. We had 
dtus got a lot of waste bituminous metal which we have been using 
:or paring our side walks There is a «p<'cmien near Malden's Hotel 
ft h.is been there for ten months and it seems fairly- satisfactory What 
ire do is this We take -100 fiounds of bitununoug scrap and teat it in 
in old drum wnth an opening along the top, about 18 inches wide, and 
^hen it is fairly hot, and has been stirred, we put in a vnrunp quantity 
if crude oil — about 2 or 3 pounds In the hot weather we find that this is 
lOt always necessary, but in the cold weather it has to bo fluxed with 
1 small quantity We then add .*> pounds of bitumen, and it i? then 
iaken out in closed carts as hot ns possible and spread on the levelled 
jarih surface of the side wait and trowelled to about an inch thickness. 
That IS going on on one of the roads that we shall po ovei, and I have 
leen asked to show that also to the Conpress. nlthouph it is not mentioned 
in ifinenvrr or in the notes 

C/iaimiari Tliere is nothing else, gentlemen We assemble here at 
2*30 p M. for an inspection of roads. Tber© is one point which I might 
suggest to Sir. Peon, and that is, in going round, be might indicate 
l^w the different work is financed My reason for suggesting that is 
that part of the work which is carried out is, as Mr Mitchell has explained, 
for experiment. Some of the roads are roads belonging realK to the 
Municipal Committee We act as agents in maintaining tliem Some 
roads are in the Chief Commissioner’s charge I think it would be useful 
could indicate which is which. «50 that people may understand 
why it is that in different places W'e are trying the same thing. 

The Congress then adjourned for lunch. 
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The Congress rca's^embled at th'» NetrDjlhi Totrn Hall after lunch and 
proceeded on an inspection of roads according to the following itinerary:— 



Noturo of surface on road 

Ref. to 

Route. 

to bo inspected. 

Paper 
So. l.K. 

Leave Now Dolhi Town Halt vid 

2}' Sheltrete . , , 

24 

Wel«eloyRoad to Muttra Road, Mile 

1' Carpet with Ormul Emulsion 

34 


Stanotreatl Treatment . , 

■1 

Return ti'd Delhi Gate, RtginRoad 
Jumna Bridge to Meerut Road, 
Mile 4. 



Tar Carpet f Bridge. 

■ 


Concrete Road . . , . 

37 


2}' Hot Socony Premix , 

46 


2* Grouting with Hot Asphalts . 

22 


2J' Shelcrete .... 

24 


2J*'Tfmjmac . . . , 

47 

Return New D^lbi .... 



Leave New Delhi Town Hall 

1* Carpet Shelsheet . , , 

26 

'Parliament Street .... 

1' „ Hot Socony . . . 

33 


1' „ Tar No. 2 

26 

Great Place ..... 

!*■ „ Tar No. 3 

27 

Raisina Rood ..... 

1' <• Tar No 2 

26 

Queerisiray ..... 

I*” „ Colfijc .... 

33 

QutabRoad ..... 

2J' Shelcrete .... 

24 

Karnal Road . . . . 

1 }' Armour coat with Tar/ Bitumen 

30 


Do Colas 


, 

Do. Bitumuls 

38 


Traffic cerwu* optrations. 


Badli Road ..... 

Creteways . 

48 

Return vid Lawrence Road and 
Rohtak Rood to NaisfgarhRoad, 
Milo R*. 

Pamting with Tar on Lawrence 
Road. 



Surface painting with Tar/Bitiimen 

36 


on painted Road Mile 6. 


Sarfoj. paint;.^ „,1, Tat/Iiitnmen 



on »»aterbDund road Mil© Jl. 



Si^ace painting with Bitumnl.s m 1 

34 



furlong of ifile 12. 










Houtc 

Xaliiro nf aiirfacA on road 
to bo in^poctfx! 

Ref. to 
t’oper 
N'oj lA. 

Jlctum ft'/j pAlam Roarl. NVwCAntt. 
Road Upprr R»i!pp Road and nd 
Tibh%A C'^llapp tn Old IlohtAk 
Rottci Mile* 1 and 2. 

Siirfaro paintinf with Tar Xo. 2 nnd 
ClinndtfrArh Imllaat. 

2J' Tar Carpet with *eiit coat ap- 
plio<| after 2 month*. 

■ 


2J* Shelorclo .... 



Mu-iii'placo trontment . 



Water Bound Tar Slacndam . 

IS 


Cement Concrete 

37 


ft ft. Cement Concrete and 10 ft. 
wide ?|* Tar Carpel and 2J' 
Shelcrete. 

44 


netuTii to N>h- DMht. 


2J* T«r CArpct with »c«l coAt np- 
pIiM At oncA. 









The Coni^ress reassembled at th“ No'v Delhi Toirn Hajl luQch and 
proceeded on an inspection of roads according to the following itinerary:- 


' Roiitf*. 

future of fliirfaco on road 
to bo inspected. 

Ref. to 
Paper 
N'o. lA. 


21' ShderotP ... • 

24 

34 

"VVelselcy Rond to Muttra Road, Mile 

1' Carpet with Ormul Emulsion 


Stanotread Treatment . . • 

47 

Return nd Dellu Gate, Elgin Road 

Shelcreto 1 On Jumna • 

21 

Jumna Bridge to Meerut Road, 

Tar Carpet f Bridge. 


Mile 4. 




Concrete Road .... 

37 


2J' Hot Soeony Premix . 

46 


2' Grouting with Hot Asphalts . 

m 


2i'Shelefete . . . . 

B 


2}'Trinimac .... 

47 

Return New Dflhi .... 


B 

Leave New Delhi Town Hall 

1' Carpet Shelsheet . . . 

B 

"Parliament Street .... 

1' Hot Socony . . . 


' 

1' ., Ta^^•o. 2 

26 

Great Place . . . . 

1' Tor No 3 

27 

RaisinaRoad 

1' „ Tar No. 2 . . . 

■ 

Queerisway . . • . . 

1' Colfix .... 


Gutab Road ..... 

2J' Shelcrete 

■ 

Karnal Road ..... 

IJ' Armour coat with Tor/ Bitumen 

30 


Do. Colas 

30 

' 

Do. Bitumuls 

Traffic optrationt. 

38 

Badli Road ..... 

Creteways ..... 

48 

Return fi'd Lawrence Rood and 



Kohtnk Road to Xajafgarh Road. 

Road. 


Milo Vi. 




Surface painting with Tar/Bitumcn 
on painted Road Mile f> 

36 


Surface painting with Tar/Bitumen 
on Watorbound road Mile 11. 

3C 


Surface painting with Biturauls in 1 
ftirlongofMiJe 12. 

34 








C3 


Xaliif* ''f •iirfoce onroad to 

Ronto to Ik 3 /n«poc{od. f’apor 

N*0: JA. 


Rcttjm W/j palam Ilon'l. Now Cantt Rurfaco j»ainlJnf wiJJi Taf No. S and 
Road Uppor Rhjpo Jioad and ri4 C}tantltp»^h bnUa»t. 

T»b1>va CoIIopo tn Old Itohlak 

Rond Jfiloa I and C. Tar Carprt with aoni coat ap. 

p1i«Nl after 2 month*. 

SJ* Shelcrclo .... 

Water Round Tar Macadam . 

Cement Concrete 

ft It. Cement Ooncrete and 10 ft. 
wide 2i‘ Tar Carpet and 2J' 
Shelcrete. 

2|* Tar Carpet with aeni coat ap. 
plied at once. 


Return to New Delhi 







Second days Tuesday, December llth, 1934. 

Tlie Conc'rcss ro-assembled at 10 a.m. on the llth December at the 
Xcs^ Delhi Town Ilnll and procoeded on an inspection of roads arcordiDC to 
the following itinerary : — ■ 


ItOiltP. 

Leave Nov ndlii Town Hall rirf 
raTl'amcnt Street. 

Great Place . . . • • 

Rai«iaa Hoad 

Queenswny . , . . 

Qutab Bond . 

Kftfnal Rond ..... 

BadURoad . . • • • 

Return vidLawrencoRoftd and Rolitnk 
Road to Nnjafgarh Rond, mile 12 


Xaturc of «urfae * on road 
to be in‘5;>ectcil. 

1' Cttr|>ct SlioLlioet , 

1* ». Hot Socoiis 

I' .. TerXn 2’ , 

r .. Tar N*o a 

1' .. TarN'o 2 . . . 

I' .. Colfix .... 

2}' Shelcrete 

IJ' Armour cant truhTar/ Bitumen. 

Do Coin* . 

Do Bitumul* 

Traffic ctnaii$ optrniicna. 

CretcMnjs ..... 

Surface painting witli Taf on Law- 
reiico Uond- 



Return n" J Palam Road, New Canton. ! 
meiit Road, Upper Ridge Rood and 
Tibkna College to Old Rohtak 
Road, miles 1 and 2. 


Surface pa'iumg iritli Tnr/Ditnmen 
On pninti“d Road, wile 0. 

Surface pn'utmg uith Tar/Bitiuncn 
on 'Voter Bound Rond, mile 11. 


Surface painting uith Bitumuls in 1 
furlong of mile 12. 

Surface painting with Tor No 2 
with Chandigarh ballast. 


rj' Tar Carpet with seal coat appli- 
ed after 2 months. 


2 J' Shelcrete . . . . 

3lix-m-placetreatraent . 

R’aier Bound Tor Maeadatn. 
Cement Concreie 

S ft. reinent concrete and IGft.uide 
2J'Tar Carpet and 2i' Shelcrete. 

2J' Tor Carpet with seal coat oppli- 
ed at once. 



SG 

3(1 

34 


35 

•15 

37 

44 






noutr. 

Nature nf Mirfftoe pn ro'nl 
to 1*0 ln*p**olrl. 

Return to Now Dflh* Town Hall 


Loa\o Now I>olhi Town Hall »trf 

2|*MHcrote 

I{f'n«} to Miitira 1U»«}. 


7. 

I'Carjwt w ifli Ofimil Kmut'i'n 


Manotirocl trontniont 

Tletnm t»<i Dolln Cato. rj~,n R.jifJ 

TArCaTjM't (Oil Jumnn Brnlpo 

•Jninnn Brnlpo to Mot nit llfnd, 

Mioteroio » 

mile 4. 

Conrroic lien*! .... 


Jj* Hot S<*coiiy I’rotnix 


•2" Grouiinp with hot A*j*1inlt« 


^ J* Sholorolo 


2J' Trmimitc 

Return Now Delhi 










Second day, Tuesday, December 11th 1934 (contd.'. 

TIio Conprcss ro-n*!5emblctl at 2*30 r m. «ith Mr. A. lirebncr, C.I.E . 
in tho Chnlr. 


DISCUSSION OF I'AFEU No. lA. 


Chairman'. Gontlcincn. we propose to discu'ss to*dny the papers wliicb 
■we liavt fiom Jlr. Dean, Mr. Brcadoii, nnd Lt.-Col. IVnlcely. As I 
explained yesterday, wo propose to toI'G them ns rend nnd to devote the 
time to tlio discusoion. IVo will first discuss Paper No. lA nnd I 
now ash Mr. Dean to say whether he has nnythinjj to ndd to what he lias 
already told us. 


Mr. A. IT'. 11 • Dean (the Author): No, Sir, nothing at all fill after 
the discussion. 


Chairman: I must say I have not much to say or add to what Mr. 
Dean has shown. I explained yesterday tliat the work wo do here i> 
partly for the Jluuicipal Cominilteo, partly for the roads wliien are under 
the Chief Commissioner and partly— nnd perhaps what is most interesting 
— work which wo have done with money which wo have got fi'Oiii Mr. 
Mitchell. I mention that because somebody said that we have not spent 
.as wisely as we might have. I do not think any one can complain oi 
what we have shown, at least in one respect. \Vo seem to have seen 
different kinds of work. It was m fact, one might almost say, embarrass- 
ing. It is difficult to remember what we have seen and what we linve 
mot seen, lu one respect I would criticise what Mr. Dean has shown us. 
I think there was a tendency to show ns too much new work. What 
most people, I think, would like to have seen was old work and then 
would have decided w-hether it was likely to stand up to traffic or not. 
A great deal of what w’o saw was work which had been put up m the last 
month or two and naturally looked very nice indeed. 

Mr. G. Dcid Shait': First of nil, I should like to congmiulnte ^Ir. Dean 
on his very excellent paper and the gioat care ho has taken m preparing 
it and also for his personally conducted tour. Having '^aid that, 1 hope 
he will pardon mo if I mnk© a few* criticisms, not only of his paper but 
oi the majority of the papers that have been submitted to this Congress. 
In the first pl.acc, I think not enough attention has been paid to the 
Aifteror.ce in climate m the various parts of India. The papers on the 
Delhi and thp North-West IVonticr Province roads con\e\ verv little 
idea ns to the climatic conditions nnd, in road surfacing work, the clini.ato 
has .a gr-^nt effect on the \'arious materials used and in the methods of 
using tlicm If the papers would givo us the mnsimum and mimmum 
tempemtures nnd the rainfall, it would bo a great help to us and would 
render tbc papers less p.iroehinl. 


rcr comranns Ihe pnees o( tl,a wark in dilTou'nl nro.incea tlv 
rrica, o! r,„v material., siiel, n. metal. elii|.pin5. anti sand in.) the Vabou 
«st. aujibt to bo given .eparatoly that ivo ean comnare and esS 
thp cost of such work in different provinces. i' « wju esiimat 

“ tv’i .v;-: 


have had one or t«o comparative failure? in A'^atn. We «ill he onlj 
too glad to toll \o\i about them nt i^ome otlv r time. Unless a\f knou' 
uhat hate been’ definite foihiroc in one iiru\incc or another, it is not 
much u'e onlr talking about miccc^scs 

Another point >s that vc lack the wn^idered opinion of the Kiigmiers 
n!io have laid thc«o roads or who ore responsible for ihtm, os to which 
of tile materials give the best ro-'iiKs It is ratlur ditVicult to form nu 
opinion in a few houn^’ time. When tluve experiments h.a\.e been 
carried on for a short or profernbK n long lime, it is essential to gi'C 
the cost of maintenance in relation to the tr.ifl'ie intensities 

.Vr. A', r. Modal : I must also join llic pre\ious speaktr m cougrutulut- 
ing .Mr Dean for hvs \cry interesting niitl iiibiructne pujer, 01 course 
the thmga about which I am gonig to sj'cak and the methods obtaimiig 
m the city of Dombav are quite ditlerciit The conditions obtumiug lu 
the cit^ roads are dihciont and the sninc conditions are not applicable 
to the country roads at nil- In the city \%e ha\c to deal witli trallic 
which if measured would be 2,000 or 3,0oo tons per \ard widtli pei do\. 
1 am now going to spook only about ciU roads. I ha\c tcry little 
experience of district roads, but from whni I can judge from the methods 
obtomiug on the roads which we were 6hottn to-tln\, I think 1 con say 
that we m Bombaj are practically following the same methods m improving 
the citj roads. It was m 1013 when the conditions of the roads in Bombay 
grew from bad to worse that several exj>orimcnts were tried, first oiling 
the roads, rhen tarring with tar mixture^, but ullimnteh we found that 
they failed and that thv\ did not gi%o the required result Trom 10jj^20. 
wc u«Pd «omethmc like 12,000 tons of tar on our roul® 01 cour«e the 
tar was obtained from the lo'-id p.as works and »t wtis too ilmd for the 
work Then we tried to mix tar v.ith pitch and there also wo failed and 
ultimatel\ about 1020-21, we found that the result^ that we obtained were 
not at all satisfactory and that our co«t of imuntennnee was going up 
So We thought of using asphalt because asphalt was cheaper than tar 
also tried to u<ie asphalt on the surfao- and still that method is 
in use Out of 220 miles of road«; in the Citv. 120 mile^ were treated 
with surface dressinp witli a«phnlt m the shape of 2 co.Tt work The 
first coat took 3 gallons per 100 square feet and four to five cubic feet 
of metal of 5/8 incii to 3^8 inch blue basalt chips The second coat 
consisted of 2 gallons per 100 square feet covered on witli 3 ruble feet 
<^18 inch gnt mixed with 40 per cent oi dust. It was found that 
It pneumatic tyres were used m fast moving traffic, the road would last 
two to three years That is our experience If the foundations; are bad. 
we must replace them with good ones In the case of district roads, they 
have got the rdvantage that thev are in existence for a number of vears 
and ^th the periodic addition of metal in renewed coats, they get on 
to what you call solid foundations The average comparative cost is 
hs 4 per 2 f)q square feet for one coat work .md the average cost for 
•Wo coat work is Its .5-4'0 per 100 square feet The natural surface 
• f***!?^ does not give additional strength to the ro.ad but it is onlv 
mtended to be a sort of road surface and when heavv traffic started 
the roads, we had to go in for what wv call grouting penetration 
here we want to incorporate a sort of plastic binder material' 
in the road itself Before we decide on grouting, we trv with one coat 
o painting suitable for roads from which steel tvred traffic is excluded 
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1 nrn Ttlernn^ to ihi? Queen’s Kocvd in Bombay ^^h^ch is standisj: up 
^erv noil wUh cue coat of aspli'^U cver^- year. It carries about le.OCO 
vehicles a day in 'JA hour-, and a* the tin-jc of pc.tl: loads, the trafrc 
anjonnts to soinctliing like 1.200 vcIiicIls p^t* hour. ^Vhen we started 
CTiautinc. wo only wont in for crouiinj: over «tJeh roads as liad ro'd 
lc’jndat:on«. Otherwi?' no provide ecntreJo fouml.ations. The penetra- 
tion norl: n.as done in Ino iv>.at« nn<l the total nsp’nall ti'od rariod from 
15 to 2 pallon^ per square \anl. the first coat lakinc H to 1 } gallon* 
and the second e-'-sr 1 to i callons. Several ro.ads have been kvd hy 
tlrs nuthod. 

yi’. r. h. DoircTf' May I know. Sir, if this is all a criticisna cf 
Mr. Bian’s or if *he spe.aker gives n description 0! Bombay roads? 

t^k.aiiDun- I he]-,' Mr Moilak will reaKso that we niichi allow J 
c<rj.un ninovint of latitude if we had unlimited time at our disposal* 
Our time 'hf^rt and vie ar,' '■vppo-\\ t^ hf di>*cu«i'Uie Mr. Dean’s 
pap*er and nor the ccr.ditian<; in Bombay 

Mr MoliU explained that he had made cert.am notes of espericne? 
ia Dciinl ay that he th^aucht would be of int^rist to Jlu* Congress, but that 
if it a is felt that they were too lone to bo rtMcl iji the time ov.aila’nle he 
would agree to their bcine incorpcrntid the pro.'-eedings .as ennmunicated. 
Hi-* eoinniunicated riinnrks follow; 

yir. .tfcti!) : To c’lt •town iVt «"t ot t'.'>' r*<thod tro tb.* tnf^e rot irtfi*e 
-■•lai-S'UJtinj; lis* t*«n inrotat^l. 
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On page 6 ct ms paj>?r Mr. Dean Mate* tliat the puri>o*o of thr expfriment.il ftrelclie* 
of road* u to r(K\t nsaunal* and mtliKxls l>i«t »uiuil lo tlic ti.'cds of the ttafTic ami to 
the fina.icial iciourcc* &\aila)de for the upkc'-p of Ibc road« Our aim is to tsULluii an 
equilihnum Ulwtcn tlie needs of the lullic and our resources Tiic Boinhay C’orpora- 
liOQ Was in the Mm© diiTimU I'ositum al«iut 20 \eaia ago There was intoleral I« 
nuiUQcc ftvm dusL The mjtor tiafiic had roOfitleialily increased and ttio cost of main* 
taming the road* was annusliy incress nj; The milage of tit) road* in 1911 was 1611 
costcmg ai\ area ot 4 4 miUu'n square yatvi*. The cost of nratiilainiti); theso road* ta 
■that )ear was ai<out lit. 6 I.skhR. In 1918, tlio milage mcre.-ised to 172 corenng an 
area of 4 0 niiltmn square sards The cost of maihtaining the roads to that star was 
more tlian doubled, i^xera^ rxpedienti were tried to keep riown the cost of maintenance 
hut ihcx were found to l>e unsuccessful 'Ihn cost of tuaintenince continued to inrrc.xsc. 
In the scar 192223. it was as ingh as 334^ IxUis It would base gone up tuU V.ichcr. 
The oLmous rcmedi to keep down tlie tosi was (u Luiid up suhstantixl roids from 
borrowincs. if il wa» teonuminl m Iht long run to «lo ro Borrowing helps to di«tn* 
Lute the milial cost equitaldy over the present a* well as the future rate iwicr The 
principle of >«rrowing is that if a |>atticular form of construction required an outlay 
which eould md lrf> mci out cf rexenne owing to it* heaxy initial cost, horroxcing 
would W justified proxided there was snfTment margin on the current expenditure to 
meet not onlj the interest and rmking fund eontrihution on the debt hut also upkeep 
and rtnewal of the ro.id during the enrrenex of the loan if •uch renewal was rece**arj'. 
Thus, if the waiir louiij m.xcadani exs't* eax one rupee per square )ard to maiTitaiii 
C’uiually then iti rcpiacemcnt h) a more ex|vensixe methml was justified if the interest 
On its initial expenditure at C pet eeni sinkins fund »l 4 pci cent, the expense of 
ansQsl upkeep and the proportionate eo*t of renevra). if snrh a rcneivnl xsa* found 
necessary during the currcncx "if the loan. di<l not exeecd that rate of expenditure 
annually After psing into this question it was fo»nd eeonomieal to resort to J>erm!inenl 
road construction hx Isarrowing Tt>e loan j>en<wl xcas fiscvl at JO jcari. the rate of 
interest was 6 per cent, and tW s nl ing fund vontnhution w.xs f xrd at 4 per cent, com* 
pound interest fn working out the fmancnl forecast of exrrx’ road treated tinder the 
■capital road programme the following iinporl.ant point* 'rere gnen special attention 

(1) The form of construrtion to he adopted {2) Its initial cost (3| its prohable 
Jife f4) Arenige maintenance cost per annum 

D\ adopting the principle of lonowing it ha« he<ii no'vihle to s.ixc considerably on 
niairt»nance cost of the roids in the c.tx The milage lodax- stands at about 222. 
The important arteries of the cits and priiKiiul road* leiding to business centres have 
been treated with permanent mode of eoiisfuetion ai a cost of aliout one crore of 
rupees In 1922 23, le, Wfnre the introduction of the e.ipital road programme, the 
coil of maintenance amounted to 34 8S lakh* including Us 177 for flreet wxtering 
and 1.53 for remoYing the mud fiom the rosd« in the monsoon In 1931 32 the lost of 
manterance amounted fi aUnil Re 1216 lakh* and al>oul 10 5 lakhs for debt ihirges 
gixing a of aliout Rs 22 66 against the fi^urt of Rs 33 46 t.iklis liudgtUecl for in 
the jear 1922 23 


0 11. Teuton I slioulil like to is'nwuite mysulf witJi the piexious 
speakers m thanhino Mr T>i'an loi Jiiw x.iliinWe paper Thtro i" re.iUy 
only one remark iihich 1 hnxi> to iiitikc Mr Dean refers m Ins pajier 
'(page 22) to grouting with hot nsphalt'i nnd on paces 45 nnd 40 to ‘'water 
bound tar macadam” It seems to me timt both tlie->e methods nre 
^cry unscientific methods of road construction nnd that if tins Congress 
condemns these methods, we xiill at least acluex’c sometiiing Both tliese 
nietliods renresent n sort of hnppy-go-luckv style of engineering nnd xvhen 
you have the opportunity of mixing jour materials together m a scientific 
manner in a jlillars’ mixing machine or anv other mixing machine, 
* *eems a pitv to do nnv more grouting or xxater-hound tar macadam 
coat TTork (Applause) 

Bahadur N K. Aipjavtjar \Vp saxx- a large number of different 
vx* tiiK morning and tnoef of them seern to be veri suitable 

tviffiin municipal limits Mo«t of us Enpneer.<? h“re are connected with 
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problems of rural roads Hi the districts outride munici])jil arcus whe^m 
i\e have got both bullock carts traffic os well ns motor bus traffic. 
So really our problem is to find n road which serves the dual purpose 
botli for'bullock carts ns well ns foi the niotoi bus or loiry sen-ice. I rom 
what we saw to-day and yesterday, J do not think "e mo iu o position 
definitely to say winch of the ronds would servo this dual purpose ana 
from the experience that ne have of the district raads where ijoth kinds 
of traffic exist, it seems to me that surface pn'mting would not serve 
that purpose at all. From my experience in >rysore and also Bombay, 

I can say that that kind of work would not stand the bullock cart traffic 
where the rims arc narrow and iron shod. The only thing that would 
stand that land of traffic w-ould be the pre-mix type or grouting and 
semi-grouting. Even they sometimes do not the cutting action of 

bullock carts. From our experience of the Bombay-Bandm road where 
both kinds of traffic exist, nnd the work is of puiely grouted type the 
life of the roads has been about 5 or G years \Yhea the side portions 
used by bullock carts got damaged these portions hove been repaired by 
new patch work and tho road is likely to stand for some years more. 
One thing, in the maintenance of thebe' asphalt roads, seems to me to be 
that after wo make these roads, wc leave them unattended until they 
are damaged by wear, I think this is a mistake. They ought to be 
renovated periodically and after say, two or three rears* Maintenance 
and repairs should be done continuously If that is done, tlie surface 
keeps up ii'st the right kind of quality of bitumen and the life of the 
road would be prolonged Immensely. The cost of maintenance would' 
be 2 to 2i annas per square yard That has been the experience on the 
Bombav-Bandra road. ‘Wliile talking of tho dual purpose road. T think 
our ordinary macadam lias been able to stand the ordmarj* bullock cart 
traffic but not tho«e asphalt surface^ The cement concrete seems to 
stand that purpose better. On page 49 of Mr Dean's paper, it is said 

“Types of construction — Bharalpur stone slabs These slabs are 
4 inches thick and 8 to 10 feet long and have been laid on 
the ordinary soil The clear space between them was 3 feet,” 


I wish to know w'hnt the kind of stone used there is, w-hether it is soft 
sand stone, or gneiss. If we know the land of stone used, that would 
so■l^e the problem to a very great extent indeed. If tbe stone is bard and 
i<! of good wearing quality, then nil the buses and motors can go in the- 
centre. 

(The speaker exjilained bis point to the Cougiess by means of a 
' diagram on the black board ) 


In Bangalore w-e liave not gneiss nnd granite and we get splendid 
slabs 8 to 10 feet long, 2 feet wide and 3 to 4 inches in thickno^?. That 
kind of work has been laid near Bangalore and I find that you can 
travel at 40 miles on that road. I think that kind of surface is far 
ciiprrior to the concrete for vnrious reasons. For bullock carts the stone 
is too hard and ns soon ns bullock carts go on to that surface they 
swerro to tho siao, nnj use th,. portions of the mactidam surface ’ The 
motors can use tlie centre ot the road with slab mvs. The damage to 
the remaining portion of the road surface is thus obviated ” 
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About f«r I c«in loll rou tbnl I was very eby about it because tbo 
Bandra-Ghodbandor road was the first thing tlint was done in the Bombay 
Bresidoncy with a far ourpet. It was done in two ccalg. After three or 
four }oars I went there again and 1 wng sliocked fo find that v,c could 
not drive over the road at all with any speed. Tho result was that tho 
whole tnr carpet had to be ripped open; and that is why 1 tell you I 'rafl 
shy alfout tnr. But I have now seen so tmieh of Die work in tar done 
in the Punjab and the North-West Prontier Province. I do not how-ever 
know whctlier it would stand bullock carts. It is a great problem and 
that is the reason why Nve w-nnt a dual purpose surface. 

1 wi«.h (o say tliis rmicli al*out thc<e trackways, 1 ol«o wish to know 
what kind of stone is being u«ed in Bhnratpur and wlist the cvprricneo 
has bc-en. 

Mr, K. G. Mitchell I think one of the things; which this Congross» 
may bring about is tho standardisation of certain specifications, and con- 
centration on certain definite things which liave proved to be good to tho 
exclusion of those whicli have proxed to be bad- 1 was personally respon- 
sible for some of the number of things which you have seen. There arc 
certain specifications which liave been introduced recently and in future 
yonr« when wo give you a report about these various things it wdll perhaps- 
help that you hn\o seen them and know a little rnorc obout them than 
if you had not. 

As regards what Biwan Baha/lur Ajyang.ar said about traekwajs, 
certain of these had been laid in Bharatpur State in stone slabs of the 
ordinary hard Agra «andsfone. ' 

Diiran Bahadur Atjtjangar- It Is too soft 

Mr K 0 Mitchell Tho tracks have been there for three or four years 
and I do not think any of the slab« have either cracked or worn out badly. 

Diican Bahadur Ayijangar How are they laid? 

Mr. K 0 Miichrlt They have been laid on a bad kuteiin road, 
^ey were used m tho fir-t instance for crossing the Bnngunga river. 
They were laid on the sandy bed of the ruer and they were taken out 
during the mons-oon when they would have been lost and anyway the 
moist and bad Subsequcntlv thev were laid in continuation on 
a bad earth road with extremely sandy soil and the traffic such as it has. 
IS entirely concentrated on the tracks which have been of grnat value 

Mr S. S. Bhagat- I must congratulate Rfr Dean on the great pains 
ne has taken in preparing this paper. But I must say that the paper 
as it is written is not very helpful to those w-ho have to construct tho 
roads as we are not told why the different specifications which we saw 
were tried, — whether they were put down with reference to 
l. ^Di which they have to cope or w’hethcr they were put down 

• **8 funds permitted It would al‘=o have been verv belpfut 

been given when Die different specifications were put d''^ 
wn ^ could see how long they have been under actual 

flcc fo compare the different surfaces it is always 

know how mneh traffic there is and how long the different 

pcci cations will stand up to that traffic. Without these data s com- 
parison cannot be made very easily 
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Mr, D. Macfarlanc: I want to make a remark about ono subject to 
which rofcrcuco has just been made, that is to Bay, the trackways. Wo 
'wero told about the slono aetts that were laid ou a kutcha road. Ot 
oourso they have a very great use in solving the problem pf cheap con* 
struction of roads, but 1 should like to quote my own experience of a 
certain canal bank. in the Punjob. The canal banks, as jou may know, 
are most excellently maintained and you can travel at a %ory high speed. 
But on the Lower Bari Doab canal between Balloki and Bcnala, the canal 
bouk is full of saltpetre and with a view to enabling people to get along 
them they had trackwajs of brick, each about Lot wide. The first 
thing that I noticed about these trackways was a big notice saying, 
“Speed limited to 15 miles an hour." This rather surprised me but 
I found out the reason in a very short time I was doing about 25 miles 
an hour and it was oxcellont going but verj’ shortly nftcravards I found 
that I wos swaying of! the track and my back wheels got into the soft 
dirt on the side of tlio road and I skidded badly and very nearly landed 
into the canal. That, I conid see, was the real reason why wo were 
warned not to go bejond 15 miles an hour. A few days before the Hoads 
Congress I saw the trackwnj-s at Jharanwala. I tried the same thing 
there with the same result. I think most motorists will find that it is a 
real strain after a short time to keep the wheels of the car on the trackway 
and not to sway. This is not a criticism tliat I make with a view to 
shewing that Iraclavays should not b© built, but to show that they 
introduce an element of danger to higb speed motor trafiic 

Colonel 0. E. Sopwtth' There was a remark in Mr. Dean's paper 
this morning which 1 noticed rather prominently and whicli Diwnn 
Bahadur Ayyangar has dotted the i’s of and also Jfr. Modak, 
to the eftect that tar painting will not carry heavy trafiic and 
specially bullock cart trafiic ifost of tbe delegates have seen 
a considerable proportion of the roads in the Punjab and also in 
tbe Pesliawar district. They would recollect that tho trafiic between 
Jsowshern and Peshawar is 550 tons per yard width a day upwards, and 
remember that tho whole of that with the exception of about 5 miles 
is only tar painting; and I think tho condition of tho road speaks for 
itself and I am glad to hear that Diwnn Bahadur Avynngnr U going to 
trv it again. I do not know what tar Diwnn Bahadur Ayyangnr was 
rofening to bccau'io all oxperionco goes to prove that it is very dilTjcult 
to produce ro.ad tar from gas worlcs crude tar. 

The only other point that I should like to emphasise is about the tar 
bitumen mixture experiments. Tho experiments which you saw this 
morning and which have only jnst been laid down have been done to tho 
specification and laid under tbe supervision of tho technical staff of 
Jfessrs. Burmah Shell and Messrs. Shallmar Tar Products jointly. As 
thev are both ns ignorant ns any one els© of what tho result is goin" 
to be and whether the mixture is going to prove an advantage over the 
straight product it will probably take n rerv consider.able time before 
thev will be able to pass any judnnent on it. As regards tho tnr-bitumuls 
mixture exnerlments. prior knowdedco of this was not possessed by the 
company which T represent and wo did not therefore ndvis^v on that ‘ Thi<i 
U in no way a criticism of the specification or tho method hv which it 
was laid. 

Chairman-. I ^vill norr call upon Mr. Dean to reply to the points raised. 



3fr. A. Tl*. //. Dean [ihc .-IwfAor): Mr. Cliairmnn nnd gontlorncn, before 
Oealing with the points lliaf hare been rni«r<l just now I have o noto 
which Wfl'j sent in bv ^^r. Hunter (U. I*.) nith regard to some of the 
points nliich havfi bren raised in the no(o nnd in the veriial introduction, 
which I read out first IIo sav?* — 

■‘Tlie nutiior stntos tliat on the Icngtii of road from Lothian Bridge 
to iKlhi Gate, T. B A. p.imi lasted for five years, nnd, 
n little later on. slates that bullock cart traflic nns too much 
for some of tlio sit lakhs of ftjuaro foot of sucli n surface 
that now cxi'ts. .\ni I to understand that the road first 
referred to. ns lasting five years, is not subject to this kind 
of traffic?” 

Actually that is the case There is a fide road for most of tho length 
■of that, road to uhich bullock carts are confined, and for the remainder, 
‘bullock cart traflic is aery light. 

I am asked furtlier — 

Is Mr Doan in a position to give a figure indicating tho weight 
of bullock cart traflic, per toot nidth of road, that ho consider® 
a bitumen treated surface should bo able to stood up to 
satisfactorily? In answering this question I would like him 
to allow for the foct that, on gome wide roads, tlio mean 
intensity does not represent tliat on tho actual portion 
used by the bullock carts '* 

I have not any ^cry defioito figures to give. In any cas© the figures 
dhat we are working out, as is 1 behevo tbo usual practice, are based 
•<^n the per yard width of the road and to take into consideration tho 
whole widtii of the road a\ailoble. It is, I think, obvious that if you 
start to fake onl) tlie track on which you say bullock carts travel, you 
can take any figure to represent almost any traffic load' you like. I can 
quite imagine people reducing it to the width of tho tread for instance. 
We must tako the fuU width of tho road available, and my experience 
is that unless we have some definite hold on tho tmffic, thoy tend to 
wander extensively over tho whole of the road that is available for them. 
The figures as to traffic census which is in progress will be available, 
I hope, in about six months' time in the form of a paper probably 
published In “Indian Hoads”. 

Then the point that has been raised by, not one, but by three or 
'four, is this* — 


“It is stated that surface painting with tar has been found suitable 
for light traffic only. Wag tho tar allowed to become brittle 
or was it kept olive by repeated applications?” 

My . point was not essentially that it was surlace painting with 
'tar only that was found suitable for light traffic, but that any surface 
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pamting was suitable for comparatively light traffic only. The point is 
this : you have to consider the economic rate of renewal. In the Punjab- 
we have seen roads carrying fmrly heavy traffic — although lighter than 
that on many Delhi roads which wo ha\'e actually censussed— and the 
renewal period is every year or eighteen months. What we are locking 
for, for that type of traffic, is something that would last for something’’ 
like three or four years at an increasing cost that is not going to exceed 
the cost of more frequent renewals with a cheaper material with the 
advantage of not having to interrupt traffic so frequently every year 
for renewals 

The last point that hag been raised is this : 

“Can the author give us any idea of the relative satisfaction obtained 
from tile various surfaces he has desenbed?” 


The point made by Ivlr. Brebner in introducing the paper, that 
most of the surfaces described are new surfaces explains why we cannot 
give you any figures of their economic life that are of any use at all. 
Mr k G. Mitchell has really replied to Mr. Brebner’s criticism of the 
description and exhibition of new classes of surfaces. The point is that 
we wanted to show the latest and most up-to-date specifications; and 
actually those have only just been brought out and put into proctice. 
It 13 the intention to get out ft report on these and it is intended to give 
with that report details of traffic and maintenance that they had required. 
It w’ns not intended to run them to destruction but to keep them up, 
judging by tlie expenditure necessary on mointenance the relative amount 
of wear that they have suffered. 


With that, I tliink it would be very suitable to include some notes 
on the local climate. That is n factor that has been completely omitted; 
although one realise,? that climate doe? come into tho picture and the 
difficulties experienced in practice 5n some seasons of the year and the 
changes ^ihlch one lias to make when one is doing work in certain seasons 
as against other seasons. A comparison of climates over various piovmces 
of India liad not entered my mind when I was WTiting the paper. 


Then, the question of mentionincr failures was also brought up. We 
have mentioned failures to some extent; but there is a very serious diffi- 
culty in mentioning failures- and that is that the reason for tho failure 
is not always very clear, .and when it 's clear sometimes, it is possible 
the reason is local or climatic or something of that sort. A length of 
road may be laid after hea\’y rain and give rather different results, or 
in the very hottest weather in May; or there may be a slight discrepancy 
in following the specification laid down, particulnrlv when supervision is 
not so easy; and things of that sort give rise to what appear to be com- 
parative failures, and it is not always possible to determine that I think 
mcrelv to mention that a certain material was used or that a ertain 
.rccificniion wo, MIotoI wd not found sntisfaclorr without ntlcmntin, 
to nnnI>BO tho ren.on, for )t would not be fair or reasonable. 

tVo hare been ashed by seyornl people tho amount of satisfaetior.. 
wo linyc obln.nod from ynnous sutfaco. It sooms to tw i°< 
rolatron to cost ,s the oriterion of nsefulnoss. I am „o“%dng {flaw 



tdo’srn ariTthisg that i« to bo taken a* ft cossi^onixl opinion oi the Centra; 
Public Works Dorartment. But I think tou can clas'^ifv our surtueea 
into threo^ grades as beinc useful for light, n^ediutw heav-y and very heavy 
traSc. For the first I think paint ing-^acconling to a specification which 
~we have put down but have not vet a final re|vrt on — with a high 
penetration tar followed by bitumen after two months, is satisfactory 
with tra£c running up to perhaps 5100 ton^ per yard per 21 bouts. When 
7 say that I do not mean it to be iindersKwl as bulKx'k cart trafiic. but 
general iratfic: if it was luiHock cart trafiic alone, it would have to be 
divided roughtly by three or four to get the equivalent nvle. Tlien we 
come to the pre-mixcd carpet. ITen' I may say tliat I ngtve definitely 
that the groutinn and w-atcr lM>vmd mixing are not so scientific and in 
effect not so satisfactory as a pre-mixed carpet. You cannot eontn'l the 
proportions nc.vrly r.s well and you get patchy* appearances which neaily 
always mean patchy we.nr and an un<!.vtisfrtetory road. It vvill prohaWy 
•carry up to about SOO tons per yaitl if you h.vve a s.atisfactory pre*mlxed 
carpet of bituminons concrete and in that I think a very definite grading 
of your aggregate, the m.axlnuim sire of which should he less than the 
thickness of the' carpet, graded down to sand. U a better hitnininoua 
carpet than one using approximately one sire of aggregate and not so 
completely graded. For still greater intensities of tralVie a 7*fi*7 cement 
•concrete road will carry, av far as wo can see, the heaviest traftlo both 
■bullock cart and motor. 

Diwan Bahadur Ayrnngnr has made n point about dual purpose roads. 
All our roads are likely to be so except a certain number In cantonments 
•and civil stations wlioro wo can keep tho bullock eart off: and there tha 
painted surface seems to bo giving entire satisfaction. He also mentioned 
7 to 10 years life and was rather critical of materials which liad failed 
to stand up to that ... 

Diwan Bahadur N. N. Aytjaniiar: It will ho more than ten years. 
Ten years is the expcricnco; 1 think it will he more certainly. 

Mr. A. Tr, H. Dean (ihc Author): \Vo have not yet found aiivtliing 
that would give tho roads in Delhi n lifo of ten yenm, uimttendi'd, As 
regards the Bharatpur etono and the question of trucUvvays. HpeaUlug 
subject to correction, I think llio theory wan tlmt luilloolc wut trafllo 
would UBO the trackways and motor enra vvouM use the eiulh lond . . , . 

Ditian Bahadur N. A’. Ainj^ngar: Our conditions am opposite, 


Mr. A. ir. 11. Dean {//»#• Mr, llhngal wiinted to Know tha 

reasonq for deciding in favour of the various suifares wk put dnwn. Tiny 
were selected according to our judgment of the necehfilties nf trnlUi' and 
08 funds pormilt<d and that I think is nil we can finy: we have not y« t 
actually completed n rensiis so wo lind very little to piiide us In asBi-Bsiiig 
‘^xacl traffic load coming on to (lie rondk; hut It Is In p»ogr«'s3 now and 
will help Us materially. Tlie pnper has idso been eilticlsed fur not hnvinp 
pven the dates the various types of siirffteea were put dowm. As fsr as ^ 
k remember tlie vear and month of laying down the eurfsces hava hean' 
given. ; 
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Mr. Maefarlane's remarks on speed on irack^\a3's is covered by iny 
reply: our desire is to get bullock cart on the trackway and the motor cars 
on the earth road. 

I have already covered Colonel Sopwith's observations in my remarks 
about tar painting. My personal experience is that no paint 
heavy mixed trafcc at an economic rate of renewal. I cannot really leel 
that painting every twelve months is really as satisfactory as putting dowa 
a better class of surface wliich would give a longer life. I quite admit that 
we have not a great deal to go on now; but the mere interruption to traffic 
entailed by painting must be a source of inconvenience if it extends over 
several thousand miles of surfaced road in a province every year oi 
eighteen months. 

Colonel G. E. SopiL'ith: May I say that I have particularly mentions; 
the Peshawar district because there we p.iint every two or three years acc 
we hope yet to persuade the Punjab to adopt the same principle: I am sun 
then that their costs will go down. 

Afr. A. TF. H. Dean {the Avthor): There is one other thing: it has beer 
pointed out that in the paper I gave, under the bead of Trinimac (page 27 
it is stated that five pounds of asphalt cement per cubic foot of ston 
aggregate was used for tb© first course and a similar quantity ior the secom 
course. Actually the rat© was 4-8 pounds in the first course and 6'8 pound 
in the second— a rather material difference which I am afraid was not befor 
me when the paper went to press. 

The Chairman then proposed a vote of thanks to Mr. Dean, which vra 
carried with acclamation. 


The following informvtion was supplied by Sfr. A. W. H. Dean (tb 
Author) and circulated to members of the Indian Roads Congress : 

DFLHl. 


Rat'S JiT idattriols {per 100 e J. at dump]. 


Ibinch Quartzite Koad metal 
Hadarpur ennd . . 

i inch Quartzite Ballast . 

{ inch stone gnt , 


Up to } miie 


i»9[ptrI00f. ft.]. 


1 milo , 
1) mile . 

2 miles 

3 miles 

For each aJditioa&I 


tmlo add Re. I per loo c ft. 


Rs 48. r. 
COO 
8 $ 0 
15 0 0 
18 0 0 

2.8 0 
3 0.0 

3 8 0 

4 8 0 

5 8 ft. 
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Bates /or otfier Mater^olt [pef tonF.O.B- Delhi.} 


1^8. AS. P. 


Colade emulsified bitumen 





ISO 


0 

Colfi* .... 





ISO 

0 

0 

Bitumuls HX, WX and FX 





160 

0 

0 

Bitumuls URSI and XRM 





164 

0 

0 

Socsny Fmuieion No. 6 , 





175 

0 

0 

.. No. 3 . 





150 


0 

Colas . , • • 





150 

0 

0 

Socony Asphalt grade 101 





133 

0 

0 

.. .. >• 105 





133 

0 

0 

Spramex (80 — 100) 





133 

0 

0 

^lexphalte . < 





133 

0 

0 

Shelraae . 





133 

0 

0 

Road oil F. 70 . 





133 

0 

0 

Road Tar No. 1 . 





120 

0 

0 

.. No. 2 . 





140 

0 

0 

Shalimar Tar No. 2 . 





117 

0 

0 

Bengal Chemical Tar No. 2 
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0 

Road Tar No. 3 Shalimar 





117 

0 

0 

Bengal Chemical Tar No. 3 





no 


0 

Cement . , . , 





40 

8 

0 


Chairman: 1 will now osk Colonel W’akely to introduce his Paper. I 
not aware whether he wishes to make additional remarks, but if he 
wants to do so, he may do so now. 

Tlio following paper was then submitted f'*r discussion — 
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{Paper No. 4.) 

Earth Road Development and Stabilisation with Gravel * 
hij 

Liein.-Cohnel A. V. T. Walchj, B.S.O., U.C., B.E. 

1. Earth Poad Development Sekemes , — fully metalled and surface treated 
road is the ideal construction for nil main roads in India. There are many 
reasons why it is not posahle to construct to this specification or to any other 
high class specification all roads that are required by the country generally. 
The chief reasons are financial, on account of tho high capital cost of construction 
and the high maintenance charges for pukka toads. 

2. Consequently by far tho greatest mileage in India of any type of road 
is what is known as an earth road. This type has several great advantages— 

(i) Low initial cost. 

(u) Low maintenance cost. 

(lit) They are good enough for ordinary country traffic. 

8. Earth roads as constructed in most places in India have many serious 
disadvantages— 

(0 They receive littleattention in the matter of maintenance, and con- 
sequcntly are aUowed to fall into disrepair. 

(it) They are usually extremely badly built in the first instance, and on 
this account they are particularly liable to flood damage. 

(iii) They are usually insufficiently provided with culverts and bridges. 

(if) They are not always constructed on the alignment best suited to 
serve tho District through which they run. 

4. Any scheme for earth road development, if it is undertaken at all, 

V/. JncS— «•»» Wr* _r iV .-I... , . f 


fully metalled roads, but there nro immense possibilities in properly and care- 
fully thought out schemes for their development. Tho main object of these 

•ColononVaUIj’s raporwtpinallycontamed two ports: (a) on earth road and 
(6) on ♦ - • ’*»• — * — - . - 

dealt wi 
in Chlefn . 

bo read • . , 

deahog" • . , 

introduced by Colonel Wnkolj- nnd'le open tor d.Mon.o'n.'"*’ 
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loads is to act as leedors totK to tlio railways and to tho main roads. Thoir 
function is to carry agricultural produce to railheads and markets quickly, 
efficiently, and without undue hardship to pack and draught animals, and with- 
out damage and delay to mechanical transport. 

5. The first thing to consider in making out any earth road development 
scheme is to find out what produce and what traffic each road is likely to carry 
when constructed. Each particular road, whether it be tho reconstruction 
of an old road or the construction of a new road on a new alignment, should 
show a definite saving in transport costs on tho existing arrangements. If 
such a sa\dng cannot bo shown tho inclusion of the work in a road development 
scheme is not justified. These savings accrue in three ways : — 

(t) By reducing tho distance from tho source to markets or railheads, 
(ti) By eliminating delay totraffic by the provision of proper bridges, 
(m) By improving the surface so that wheeled transport can be used. 

0. The usual rate for pack tran^ort on an unmctalled imbridged road 
is 6 pies per maund per mile, while for wheeled transport on an improved and 
bridged unmctalled road it is 3 pies per maund per mile. By impronng and 
bridging it is therefore possible to effect a 50 per cent, saving in transport 
•chaigos. Within this limit various degrees of 8a^^ng can bo effected by treat- 
ing the road in different ways. 

V. It is usually possible to justify the improvement of any path into a 
road under one or other of the above heads, but in these days of financial 
stringency a very good case must be made out for the inclusion of any project 
in a scheme of earth road development. The intensity of the traffic can 
normally bo taken as tho guiding principle. It is suggested that tho absolute 
minimum for which a road shouldbo built or improved is 100 vehicles per day. 
The greater the traffic on any road the morejustification is there for its inclu- 
sion in the scheme It v,-i\\ probably pay to metal any road that carries over 
500 Vehicles a day, Tho earth road therefore finds its limits between 100 and 
500^ Vehicles per day. Tho great importance of earth road development in 
India will bo realised from the fact that about 00 percent, of the total road 
mileage in India carries traffic between these limits In any road scheme 
it is a question of rendering tho greatest service to the greatest number of 
people at tho least cost, and it is suggested that it is more important for the 
good of tho country generally to develop these subsidiary feeder roads^ in a 
proper manner than to spend large sums on ambitious and luxurious main 
road schemes. 

8. To turn now to the disadvantage of earth roads in tho matter of bridges 
■noted above. The thing that stops wheeled transport being used at all on 
HQ earth road in an irrigated area is the fact that there are numerous unbridgod 
Streams and irrigation channels to bo crossed. This limits traffic to pack 
QQimals and raises tho cost of transporting produce to market. Pukka bridges 
6 ould bo provided over all perennial stToams and culverts for all irrigation 
channels. Cau.sewa}’s will do for nuRahs liable to flood, bidcc floods are of 
only a fow hours’ duration and that amount of delay to traffic is of no conse- 
quence. ^^l^Rt is of consequence is that, if there is no causeway, the flood 
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tears up tho rosil ami sovoral days work is noecssary l»cforo whoolod traffio 
can cio5-'< at all. With many such places in a District maintcnanco costs run 
high, and it is not possih’o ^mckly to restore commimication iimnodiatoly after 
tho floovl. 

0. Eiftimales o;ul S}\'ciJ{calions for Karlh JRood Schemas . — In any earth 
road development schemo it is suggosteel that tho provision of pukka bridges 
should ho ouo of the first considerations, and that every nnmetaUed road th&t 
justities improvement on account of its situation nndtmflio should ipso facto 
ho cither fully bridged or sutliciently bridgetl tliat trathc will only be delayed 
for a few hours during actual floods. It would ho wearisome to detail all the 
instances and the causes thereof where had construction inthepasthaa^ende^ 
el many umnctalled roads practically useless for the purpose for which they 
were built. Apart from the question of bridges, the causes fall under three 
main heads ; (0 AVidth, (o') CJrode and (iii) Dniinage. If these throe items an 
properly nttendo<l to during construction the road, no matter what tho surfaci 
may be, will he a good road. If economy is attempted on these three items tin 
road will bo a bad oue, and will remain had. It will also he a costly road tfl 
maintain. 

10. First as regar^ls width, the minimum sliould he 20 feet clear betweer 
ditch, and 30 feet i^hould he given wherever possible. Oit a narrower roac 
than this bullock carts fmd dilliculty in p{>ssing and slide oft tho surface inti 
the ditch. On a narrow road aho traOio tends to tnmk in tho centre, formini 
ruts. On a wide road tnittio distributes itself and uses tho whole width anc 
the evil of tracking is largely eliminate<l. 

11. .\ steeper gmdv than 1 in 15 is too much for bullocks even for verj 
short distances. It is better to aim at 1 in 20. Particular attention sliouK 
he paid to the approaches to and e.xits from md/ails, and those should not h 
too steep. It is a mistake to suppose that short steep grades are nllowabl 
beeau.se modern lorries and ears can negotiate them with ease. It is th 
bullock cart tluat sliould be considered. 


12. Many fuihm's in ro.«l construction uork are due to the lack of prope 
drainajio of the subgnule. The only dUTerence in the effect of i>oor drainag 
with different nud surface types is a del.uvd action u}>on the high ty|>e sin 
f.ices. On earth or gnm'I ro.\ds b.ul dnxinage is inmuHliately opp.xrent. whil 
on a ptvmix tar or asph.xU nucadam tyjv the effect is delaywl. but in the cu' 
it achieves the destruction of the ro.xd. The rapid effect of bad dr.iinago oftc 
creaK's the impression th.at an exjH'nsive type of road is necessary. Cixrefi 
attention to the drainage in such cases would sj^ve large sums of money. Th 
provi'ion of giKid drjxinage is cheap, except in solid rook, and good drainag 
with an inferior Mirf.ioe would be adequ.ate. for many roiids in India the main 
tenance of which at a high stnndanl is quite unjustifuxl. 


13. Tlie fust e-sscntul, therefore, in prep.\ring a subgnxdo is to ensure ad 
quftte drainage from one end of the road to the other, A sul'gnule is U' 
properly dnilnwl until it has been made impossible for any min water tor 
main up<,in h, and iiupov<ible for any suffice or irrigation water to flow on I 
11 it .. to Jh. tiMo to flootl tlio l.emt, in otdet to iuCK-tse H 

mcj.J!ur» contrat. It shouU a!.o be made impossible for nny water to roMii 
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stagnant in the road side drains and gain admission to the road surface by~ 
capillary attraction. The water must be given a means of getting away to 
the natural drainage of the country. In order to do this it is necessary to grade 
the drains so as to ensure that there is sufficient fall in the drain. Asa general 
rule a minimum slope of 1 in 100 should be given. Culverts or scuppers must 
be provided to allow the water to pass from the up hill side of the road with- 
out flowing across the road, 

14. The number of cross culverts varies with the rainfall and the gradient*, 
The principle' is that surface water should be taken away from the road surface 
and road side before it has time to saturate the subgradc from the side drains, 
A fair average distance apart from culverts is about 400 feet or on overage of 
twelve culverts or so per mile. While the foregoing is true for normal sub- 
grades tho moisture content in the soil should not be forgotten. Cases may 
occur where, in order to maintain the moisture content in the soil by capill- 
ary attraction it is advisable actually to an'ange for water to remain in the 
side drains. Soils with a great excess of sand would be an example. 

15. The object of good drainage is so to arrange matters that the moisture 
content of the soil will undergo as little change as possible and will remain 
fairly constant in dry weather till a fresh supply of water renews it. The 
subgrade must never be allowed to get saturated. In India many roads are 
constructed without any regard to the final roadway level. If the final level 
is set two to four feet above the surrounding country and the fill obtained from 
wide ditches on either side a lowering of the ground water level in respect 
of the roadway level will result. It also permits the run-off of heavy rainfall 
without injury to the road surface. The result is a stable condition of the 
subgrade or si^ace. Such surfaces appear to be of an entirely different material 
from that in the fields alongside the road. (5rc Figs. 1 and 2 at the end of 
this paper). 

16. Another most important point in regard to good drainage is to ensure 
that the flow of water in the drain is not obstructed. An obstruction may be 
caused by a projecting rock in the drain, by a tree or by zamindars filling in the 
drain to give access to their fields from the road. In the latter case katcha 
bridges should be provided, or jf there is a side lane a proper culvert should be 
built. A frequent source of obstruction is an irrigation drain running at right 
angles to the road side drain at a higher level. These must be provided with 
pipes or culverts. (5cc Figs. 3 and 4). 

17. In road construction in India m Uie past it has frequently been the- 
case that funds for construction have been hnuted Sa^ungs have been made 
by omitting culverts and small bridges, or in other words by taking a chance in 
the matter of the proper drainage of the road. This has m many cases left a 
legacy behmd which is reflected in excessively high maintenance charges es- 
pecially for hiU roads and roads that are subject to floods and spates. 

18. It has been found in actual practice that very great savings can be 
®ade in maintenance charges if improvements in the drainage of the road are 
^tried out systematically and thoroughly. Each road must be considered on. 
Its merits and a detailed reconnaissance should be made under flood conditiona 
to find out exactly how and where dramage is deficient. New and large 
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rculverfcs, mote small bridges, catch trater drains, cutting back ground liable i 
iland slides and the provision of retaining walls are some of the methods I 
which maintenance charges can be greatly reduced. 

19. The above three items, width, grade and drainage together with t 
provision for bridges constitute the main items on which the estimates for car 
roads should bo based. If a certain sum of money only is available it is 1 
better to reduce the mileage of earth roads to bo constmeted or improved and 
provide properly for tbe above four items than to cut down on these with i 
object of increasing the mileage and including additional roads in the scbcm< 

20. Preparation of the Siibgrade of an Parth Road. — Coming now to t 
preliminary preparation for actual construction, the proper consideration of 1 
subgrade is of vital importance. In India generally there are four diffen 
kinds of subgrade. There are many variations and combinations of these, t 
many special kinds, such as kankar and moorum, but broadly spoaldng 
following four categories will cover all : — 

(i) Clay, 

(«) Sand or Silt, 

{in) Gravel on rock, 

(iv) Shalcy gravel 

For an earth road the subgrades that will normally be mot with are cl 
.sand and silt. 

21. Before preparing the subgrade it is essential to know what sort of i 
is being dealt with, and for this purpose a sod analysis should be made. It 
-are numerous and complicated laboratory tests which can be carried out 
soils, but in India jt is necessary to send samples of the soils to laborato 
which are probably many hundreds of miles from the site of the work. I 
means delay, wh'ch cannot always be afforded. It will, however, usually 
sufficient to make certain field tests to determme the suitability of the soil 
road making purposes and to decide what treatment is required to make the , 
.suitable if it is not so naturally. These tests are described below. 

22. The definition of tbe three materials which compose most s 
^re : — ■ 

Sand. — Consisting of particles larger than *05 ra.m. in diameter i 
which will pass through a J inch sieve. 

Sift. — Consisting of particles not larger than -Oj m.m. in diameter £ 
not less than •OOom.m. in diameter. 

Cknj. — Consisting of particles less than *000 m.m. in diameter. 

If these materials are present in the subgradc in the proper proportii 
their properties of internal friction, capillary attraction and cohesion react 
each other in such a way that the subgrade is stabilised, t c , it doc.? not bn 
up easily under traffic nor form mud in wet weather, nordust io drv wcatl 
•except in a minor degree. 
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23. In order to determine wbetber materials are present in any soil in tbe- 
correct proportions it is necessary to— • 

(1) find out the proportions of each material in the soil, ' 

(2) find out whether the part'cular material in the soil possesses the 

properties required of it. 

For instance, a road soil that is 95% sand will not cohere, and a clay that 
does not possess the property of cohesion is useless as a road material and will . 
do nothing hut make dust. 

24. There are four field tests which should be carried out to determine* 
(1) and (2) above : — 

Test I. To find out the proportion of sand in the soil. — Take a sample 
of the soil (dry) and weigh it to any weight that is a multiple of 
ten, c 5., 300 grs or 10 tolas. Put it in a glass and fill with water. 
Agitate it and pour off the cl.ay. Do this several times until 
nothing but sand remains in the glass. Dry th? sand and weigh 
it. The result will give the percentage of sand jn the soil. The 
remainder is clay and silt. 

Test II. To dciermine the proportion of clay and silt. — To do this 
accurately is a laboratory test unsuitable for use in the field. 
For practical purposes it is not necessary* to determine the exact 
proportions. A very good estimate can, however, be obtained by 
two methods : — 

(1) Observing the colour of the sample. 

(2) Ifoting the settling properties of the samples. 

Silt is generally darker in colour than clay and a sample that 
contains too high a percentage of silt will not Lave the charactens- 
tic brown colour of clay. Silt settles more rapidly than 
clay. If the sample is put mto a glass and mixed with water and 
allowed to settle the clay will remain muddy while the silt will 
settle within a few seconds A sample that clears very quickly 
has too much silt, and some clay should be added to it. 

Test III. To test the suitability of sand. — Place a sample of the sand in 
a vessel containing water and agitate the water until the sand is . 
thoroughly in suspension. Then when the sand has been allowed 
to settle pour off the water slowly. If of good qualitj’, the sand 
will not be earned out with the water. But will remain m the 
vessel until practically all the irater has been drained off. A bad 
quality sand will not meet this test, and is not suitable for use on 
roads. 

Test IV. To determine the quality of carious clays by the slaking /erf.— 
ilake up several balls of the same size of the different clays, andl 
dry them out. 
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'Place them in water ao that they -are covered entirely. The halh 
which hold their shape longest after being placed in the water 
have the highest resistance to slaking, and that cloy is to he 
preferred for use in the road. It is important in this test that, 
if various clays are being compared, the proportion of sand in each 
sample be the same. It should not exceed about 2 j per cent. 

’ Therefore if under Test I the proportion of sand is h igh er than 25 per cent, 
the sand should be removed before doing the slaking test. This 
can be done by washing out the sand from the sample. If the 
clay is of the slaking variety, i.e., ifthe balls disintegrate almost 
as soon as they are put in the water the clay is a bad one, and 
should not he used on the road. Samples that contain too much 
silt will not show good non-slaking qualities they will break up 
at once in the water. Clay requires to be added to such 
samples. 

25. Having thus discovered the proportions and properties of the various 
rmdtcrials in the existing soil, similar tests should be carried out for any materials 
locally available that can easily be brought to the road and used on it. Besides 
-sand or clay various aggregates may be available. These should be screened 
to find out their composition. It will later on be of great value to know the 
•composition of any aggregate that may be used. The tests for this arc very 
•simple, and consist merely in finding out what percentage of the aggregate 
passes through the various sieves and screens. A sieve has square apertures and 
the mesh of the sieve is indicated by thenumber of divisionsper inch length, 
i.e,f a 10 mesh sieve has 10 divisions per inch or 100 openings per square inch. 
A 200 mesh sieve will only pass dust through it. Ascreenis described by the 
•diameter of the circular openings. Small sieves about 3 inches or 4 inches in 
•diameter of the various sizes should be carried when field reconnaissance is 
being done. These arc quite good enough for rapid field reconnaissance. 

20. The next step is to decide whether any special treatment of the sub- 
grade is nccessar)'. Gravel and good clay subgradcs will require no special 
treatment, but if the soil analysis indicates the presence of other materials in 
the ^vIong proportions, it is probable that treatment is required and it must be 
■given. The best proportions of the materials for an earth road are : — 

Sand . — ^70 to 85 per cent. 

Silt . — 10 to 20 per cent. 

Clay . — D to 10 per cent. 

It will usually be sufficient to consider silt and clay together without 
separating them, and asoilth.atcontainsTOpcrcont. sandand 30 per cent, silt 
and clay would be a very good one, prorided that the silt is not too much. This 
•can bo observed from the colour test and the slaking test. 

27. If on old road is being reconditioned the depth of the existing surface 
• should be ascertained. If a new road is being made it should be decided what 
-depth of treatment should be given according to probable traffic conditions 
Kormally 8 inches depth should be aimed at, but if time and money are short 
-4 inches will do, or even 2 inches. Knowing the thickness and knowing the 
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^roportidns of the materials present in the ‘^irjt is easy to calculate what the 
correct thickness of sand and clay should be. If the proportion on test on an 
old road being leconditioned was : — 

Sand.- 33 per cent. 

Clay. — 6G per cent. 

and if there had been heavy traffic there would probably be 1 foot of dust on 
the road. An estimate should be made of the thickness to which this would 
consolidate. It would probably be 3 inches, which means that in the old road 
there was 2 inches of clay and 1 inch of sand. The proportion required is — 

Sand. — 75 per cent. 

Clay.^25 per cent. 

By adding 5 inches of sand a proportion of 6 inches of sand and 2 inches of clay 
is obtained. This is the correct proportion. Supposing that it was found that 
the proportion of sand in the road was 90 per cent, then clay would be added, to 
reduce the proportion of sand. It is desirable, but not essential, that what- 
ever is added should be mixed thoroughly with the existing road soil and not 
merely laid on. Water should be used to consolidate the mix. 

28. The following arc some mistakes usually made in reconditioning or 
making an earth road : — 

(1) Brushing off the dust, before spreading ani/thing on the road. — This is a 

mistake, because the dust, or in other words the clay, may be 
under Test IV found to be very good non-slaking clay. If it is 
slaking day it is correct to brush it off. 

(2) Vsir^ large shingle. — ^This is a mistake because, owing to the prc'* 

portions of the road sod shingle of large size will never bind. If 
the shingle is graded to proper proportions it would be correct to 
use shingle. 

{3) Paving clay on the road for filltiV} nth. — This is a mistake as the ruts 
form because there is too much clay. Sand should be added 
But if on test a deficiency of clay is shown it would be correct to 
put clay on the road, 

(4) Using bad sand . — Only sand that passes Test III should be used. 

2D. The earth work on an earth road may be done by hand, but it is much 
quicker and more efficient to do it with a road grader set. The grader crew 
with Its full equipment moves along the road as constructed and camps at 
suitable sites cn route. The whole work on the road, whether it is recondition- 
mg a new one should be under the Sub-Divisional Officer with an Overseer in 
charge of all work. The Overseer will control both the manual labour work, 
Any bndge construction work and the work of the grader crew. It is unsound 
xo make the ilistri in charge of grader work control any other manual labour. 
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30. "Whether machinery is used or not there are certain hems of work thst 
must be done by manual labour, and they arc as follows : — 

(7) Repairing or constructing bridges, culverts, causeways, etc., and 
improWng the approaches to them. 

( 0 ) Filling all places liable to flood and where big holes and depressions 
occur. 

Blanketing \vith good earth or sand all stretches containing unsuitable 
soil. 

(<J) Removing jungle and other obstructions. 

(e) Providing milestones, etc. 

31. The essential difference between work done by machinery and manual 
labour lies in cambering and improving the surface, the latter involves obtain- 
ing earth from borrow pits whilst the former does not, and therein lies the 
main source of saving. 


Functions of the different tnachinoi. 

A road grader set consists of the following machinery 

I S3 H. P, Diesel or Petrol Tractor. 

1 Leaning Wheel Road Grader. 

1 RevoUing Scraper. 

1 Scarifier. 

1 Drag Broom. 

1 Lorry and Trailer or 2 Lorries arc attached for administrative pur- 
poses. 

The machines ore separate unito. The power unit can be attached to any 
one of the others and works it separately. This set can do the following, 
work : — 

(t) Road formation including digging out ditches and dressing the 
surface to a proper finish. 

ttt) Filling dips, filling approaches to bridges and culverts and raising 
low lying portions of the road. 

(tJi) Cutting mounds of earth, scraping off bumps and easing gradients. 

In ordinary soil where there are no obstacles or where such obstacles as 
trees have been removed the Road Grader will do about 20,000 cubic feet of 
earth per day. The efficiency ratio, or the ratio between the cost of the same 
work by hand labour and the cost by machine has worked out in practice at 
1*50 ^rith a petrol tractor. With a Diesel tractor the same ratio would be 
about 2*0. 

32. Wliere there are obstructions to the work of the 
of trees, large bumps of grass or larger holes and depression 
is greatly reduced, and consequently the efficiency ratio 


grader such as roots 
3 the rate of progress 
Generally speakio?^ 


the vork of one grader set is equivalent to that of 220 men. It should be noted 
that the loss of one hour’s work of the grader means a loss of about Rs. 7 at 
least. It therefore pays to organise the work so that the machine is never 
idle. ' 

33. The revolving scraper is used for filling work on the approaches to 
bridges and culverts and for deep dips and depressions. AMiere earth can be 
obtained within 25 yards of the site its use is economical. The efficiency ratio 
works out at l*2l. "Where earth has to be obtained from a distance greater 
than 25 yards the use of the scraper is uneconomical, and it is cheaper to do the 
work by hand labour. Nevertheless the work will be done more expeditiously 
by using the scraper. 

The scarifier is seldom required on earth subgrades, but is very useful if 
hard gravel or congloiperate is encountered. 

34, The success and the economical use of the road grader set depends on 
the following factors- — 

(t) Type of work, viz., cutting, filling, road formation. 

(ti) Nature of soil, 

(m) Existence of any obstructions to the work of the machines. 

(iV) Efficiency of workmen and crews. 

(v) Organisation of the gangs ossbting the plant. 

(t'O Super\'ision. 

35. The first three items have already been noted upon, but it cannot be 
too strongly emphasized that the clearer run and the longer stretches of clear 
run that can be given to the machines the more efficient will be their work. 
Consequently organization of the gangs plays a greatly enhanced part m the 
financial result of the operations. The following gangs have been found most 
suitable : — 

(o) Crew — 

1 Mistri. 

1 Tractor Driver. 

1 Grader Driver. 

1 Cleaner. 

2 Chowkidars. 

The two drivers should be interchangeable, as the tractor dniing is very hard 
■work, and it is definitely of advantage if both men understand both machines. 

Gart^No. 7 (4 Coolies). — ^This gang should be permanently ivith the set* 
ne cooly helps the grader man with adjustments. The Jlistn m chiarge should 
ram these coolies m odd jobs, e g , operating the traversing gear of the grader, 
^m" and unfixing the street plates of the tractor when the machines have to 
march to another tamp, and operating the string oftherevohnngpcraper, etc. 

ramed coolies render very valuable assistance in extricating the machines in a 
trained and skilful manner, when the latter get stuck m bogg.v ground. While 
le machines are at work, these coolies should clear the ditches and remove 
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30. Whether machinery is used or not there are certain items of work that 
must he done by manual labour, and they are as follows : — 

(7) Repairing or constructing bridges, culverts, causeways, etc., and 
improving tbc approaches to them. 

( 0 ) Rilling all places liable to flood and where big holes and depressions 
occur. 

^r) Blanketing with good earth or sand all stretches containing unsuitable 
soil. 

(d) Removing jungle and other obstructions. 

(c) Providing milestones, etc. 

31. The essential difference between work done by machinery and manual 
labour lies in cambering and improving the surface, the latter involves obtain- 
ing earth from borrow pits whilst the former does not, and therein lies the 
main source of saving. 


Functions of the different machines. 

A road grader aet consists of the following machinery 

1 3D H. P. Diesel or Petrol Tractor, 

1 Leaning Wheel Road Grader. 

1 RevoUnng Scraper. 

1 Scarifler. 

1 Drag Broom. 

I Lorry and Trailer or 2 Lorries are attached for administrative pur- 
poses. 

The machines are separate uniK The power unit can be attached to any 
one of the others and works it separately. This set can do the following 
work : — 

(») Road formation including digging out ditches and dressing the 
surface to a proper finish. 

(tt) PilUng dips, filling approaches to bridges and culverts and raising 
low lying portions of the road. 

(Ilf) Cutting mounds of earth, scraping off bumps and easing gradients. 

In ordinary soil where there arc no obstacles or where such obstacles as 
trees have been removed the Road Grader will do about 20,000 cubic feet of 
earth per day. The efficiency ratio, or the ratio hetwocn the cost of the same 
work by hand labour and the cost by machine has worked out in practice at 
l-DO .nth n petrol tractor. With a Diesel tractor the same ratio would b« 
about 2*0. 

32. 
of trees, 
is great] 


M here there are ohstructaoia to the work of the grader such as tools 
large humps of pas, or larger holes and depressions the rate of progress 
J reduced, and consequently the efficiency ratio. GencraUy ipeakis? 


the work of one grader set is equivalent to that of 220 men. It should be noted 
that the loss of one hour’s work of the grader means a loss of about Rs. 7 at 
least. It thoreforo pays to organise the work so that the machine is never 
idle. 

33. The revolving scraper is used for filling work on the approaches to 
bridges and culverts and for deep dips and depressions. Where earth can be 
obtained within 25 yards of the site its use is economical. The efficiency ratio 
works out at 1*21. Where earth has to be obtained from a distance greater 
than 25 yards the use of the scraper is uneconomical, and it i.s cheaper to do the 
work by hand labour. Nevertheless the work will be done more expeditiously 
by using the scraper. 

The scarifier is seldom required on earth subgrades, but is very useful if 
hard gravel or conglomerate is encountered. 

34. The success and the economical use of the road grader set depends on 
the following factors* — 

(t) Type of work, viz., cutting, filling, road formation. 

(u) Nature of soil. 

(m) Existence of any obstructions to the work of the machines. 

{if) Efficiency of workmen and crews. 

(v) Organisation of the gangs assisting the plant. 

(i/) Supervision. 

35. The first three items have already been noted upon, but it cannot be 
too strongly emphasized that the clearer run and the longer stretches of clear 
tun that can be given to the machines the more efficient will be their work. 
Consequently organization of the gangs plays a greatly enhanced part m the 
financial result of the operations. The following can^s have been found most 
suitable;— 

(o) Crew — 

1 jJIistri. 

1 Tractor Driver. 

1 Grader Driver. 

1 Cleaner. 

2 Chowlddars. 

The two drivers should be interchangeable, as the tractor dn\nng is very hard 
work, and it is definitely of advantage if both men understand both machines. 

(5) Gang Xo 1 (4 Coolies). — ^This gang should be permanently with the set • 
uc cooly helps the grader man with adjustments. The Mistn in ebarce should 
tram these coolies m odd jobs, e g , operating the traversing gear of the grader, 
^mg and unfixing the street plates of the tractor when the machines have to 
march to another camp, and operating thestnng of the revolnng scraper, etc. 
rained coolies render very valuable assistance in extricating the machines in a 
rained and skilful manner, when the latter get stuck in boggj* ground. \\ bile 

e machines are at work, these coolies should clear the ditches and remove 
UmpS of crass that cT«r «« Mrtfi. 
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(c) Gang No. 2. — This is a temporary gang of 4 coolies working in advance 
of the machines. Their duty is removing stumps of trees and roots, clearing 
bushes, filling in large holes where tree stumps have been extracted and generally 
preparing the road in advance of the machinery so that the latter will have a 
clear run. This gang may he increased up to 20 men according to the amount 
of work involved. 

36. The cost per mile of grader work will vary according to the nature of 
^the soD and the amount of obstructions encountered by the machines. 0n s 
straight open road the rate is Rs. 240 per mile for tlie road formation, but it 
'may be increased to Rs. 450 per mile under adverse circumstances. In estimat- 
ing for the construction of a road the rate should be determined carefully for 
’each particular road and each indindual mile of the road, after a thorough 
examination of the conditions affecting the rate as noted above. 

37. Generally speaking all earth roads have not only lost their camber, 
but the centre is very much lower than the sides through years of neglect. There 
is no outlet for the water, which soaks into and softens the soil, the surface is 
therefore readily spoiled even by the lightest traffic. It is not difficult to visua- 
lise what a road surface is like when cattle have walked over it while in a sodden 
state. The first object of toad grading is, therefore, to restore the camber. 
■Where the taiafall is light and most months of the year are dry, excessive earth 
filling may take a year or more to settle, and in the interval of settling the road 
is a quagmire in the rains and very dusty in dry weather. Past experience 
shows that the best results can be obtained with the minimum inconvemence to 
traffic by making two separate gradings at an interval of two months between 
each allowing traffic to consolidate each layer. Excellent results arc obtained 
if the two gradings are done just before and during the raims. A third grading 
•abould be clone with the Auto-Patrol. 

38. Before grading operations commence the exact alignment should have 
been decided and marked out. It is much more economical if the grader crew 
can have a clear run for the machines. They should not deal with any stretch 
less than a mile in length. All obstructions, such as trees, should be removed 
■ ■■ ’ ■ ’ ■ ‘ •’ ' C' pleted 

1 ■ The 

• ■ . ■ ■ e road 

Burtace. it me roua sucittce uas lo ue ruisea mure man lo incues any till above 
that height should be left for the second round and a third round given later. 
The first round usually requires eight or nine runs of the grader, or even up to 
twelve depending on the nature of the soil. 


39. The finished road should present a hard compacted surface with suffi- 
cient camber to allow any rain falling upon it to drain rapidly to the side. 
The amount of camber wll depend upon the nature of the soil. Generally 
epenkinp, lipht F.indy soils which drain quickly can be loft with less camber 
than hcai-y clays, Minch retain the water and become muddy and rutted unlc's 
well drained. The camber should not he greater than drainage requirements 
dcmand-erdinanly, the slope from the centre to the side of the toad should 

,1 M I, re”? ‘"ti of is the final stop in the 

grader-huilt road. The ditches alongside the road should have ample capacity 
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'to carry tlie snrface ■water. They should be deep enough and wide enough 
*io pro-vide proper drainage, should have sufficient longitudinal slope to keep the 
'Water moving, but not so great a slope that the speed of movement of the water 
'will be likely to erode the banks and damage the roadway. The side ditches 
''Should have outlets into the natural water courses at as frequent intervab 
:aa possible. 

40. WhMeverposslble, there should be a very gradual slope from the road* 
'Way to the bottom of the ditch. This accomplishes three purposes : 

(1) 'It puts the ditch far enough away from the roadway so that the 

< water in the ditch will not seep under the rood surface to soften 

the subgrade. 

(2) It makes less hazard fhan a steep bank to vehicles forced o2 the main 

roadway. 

(3) It reduces the cost of keeping the ditches free from weeds and soil 

The cost of grader-built roads is proportional to the number of trips 
-required and the speed of operation. The nature of the soil handled and the 
dimensions of the road have a direct bearing on these factors, Improper 
planning of the cycle of opeiutions or carelessness of the operators increases the 
number of' trips arid hence the cost of the road. Co-operation between the 
t tractor driver and 'the grader operator is essentia! for efficiency, and both men 
•should be trained in each operation. 

41. 'A out should never be made until it has been determined where 
' finally to place the material obtained. Get the material with the lightest cuts 

that will develop the amount of fill required. Place it in its final position with 

• the fewest number of operations. In cutting a ditch, first set the blade at the 

■ proper cutting angle and then shift the frame on the rear axle so that the pear 

■ wheel will follow the point of the blade in the bottom of the ditch. For work- 
mg m wet soils or in hea^•y grass, sharper angles of the blade are required than 
when working in light loamy soils. Alittle experience on the part of the grader 

• operator will soon indicate to him the angle at which the blade cuts bpst for the 
particular soil in which he is working. 

42. On steep slopes the weight of the piader ^vill tend to force it down the 
slope In such cases the wheels should be leaned on the axles so that they run 
in approximately a vertical position. On flat work, where the cutting is at or 
' the point of the blade and where there is little or no pressure against the 

bw, the force tends toward rotating the grader. The rear wheels have a 
tendency to move m the direction of the delivery of the material excavated and 
the front wlicels m the opposite direction. The wheels in each case should be 
eaned m the direction opposite to this rotation. Thus if materia! is delivered 
to loft, any tendenev for the front wheels to slide towards tlie right 
and the rear wheels towards the left can be counteracted by leaning the front 
wleds towards the left and the rear wheels towards the tight little experience 

nna proper attention to this feature will determine both the direction and 
no extent to which wheels should lean. 
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43. The (lingrams (Fig, r> fttthc ciul of tins paper) show the ojvjratlon; 
of the grader at each runonbothsuleaofthoroad, one run up and one down:- 

(1) Blade sot at 30® to the centre of the roadway, and a shallow cut taken 
The earth thrown up in a mound on the road. Before this rui 
is made it is necessary either to mark out the lino with pickets o 
spitlock it so as to give the crew a straight lino to work on. 

\2) A cut inside tho first cut, and more earth is thrown up. 

(3) Tho blado point is .set stnvight down, and takes a deep cut into tli 

subsoil. Much earth is thrown up. 

(4) With tho blado in cross wso position the earth is spread towards tl 

centre of the road. 

(5) A deep ditch is again cut. 

(G) The earth thrown up by tho previous run is moved to the centre ' 
the road. 

(7) The ditch is properly formed and more earth thrown up. 

(8) The blade set crosswise moves the earth towards tho centre of tl 

road. 

(9) The last run smooths tho surface and finishes tho road. 

The siK-cification for an earth road should in general bo the same as regan 
ruling dimensions tvs a Class I or Class II road It is preferahlo to give Class 
width throughout, since the wider the ro.ad i«. tho easier it is to maintai 
On a narrow earth road traffic tends to track in the middle and ruts nvpid 
form, whereas on a wide road the traffic tends to use the full width of t 
road. 

4 1. The following exceptions should bo made in tho approved specificatioi 
in the ca«e of earth roads : — 

(fl) .Va these roads will probably carry bullock carts the maximum gr; 
dient should be 1 in 15. A steeper gradient than this is too nun 
for the bullocks. 

(6) No supe^clevnt^on on curves need bo given. 

(f) Koadsido drains should Ikj ns wide as possible. 

((?) Length of culverts should be tho full width of the road form 
tion. 

(r) Mile and furlong posts should be of 3' x y steel angles 1' lou" s 
in concrete. 

No warning signs need bo provided. 


«r Earth Sar/, irr,\~Too much attention cannot bo ci 
to tlio mnintonanco of pnrth anil stabilNcd earth roads. T)ie ivhole trade 
in India vith re-nnl to earth raids is to allow them to look after thomseb 
Tim IS a mar t nnrronom.r.al thinr; to do. because an earth road will detorio. 
V ery raiudly if it is not rroiwly iiiaintaincl. Tho maintenance required is 
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•of a very high order, nor is it at all costly. It is also extremely simple, but the 
point is that it must be done and done regularly. The maintenance charges of 
earth or stabilised earth roads should not exceed Rs. 150 per mile per annum. 
This sum. however, must be spent sufficiently otherwise the whole of work of 
•construction is largely wasted. It Is less expensive to keep an earth road in 
good condition than to renew it after it has been allowed to deteriorate through 
lack of care. Timeliness is an important factor in road maintenance. When- 
ever possible the roadway should be reshaped when the surface is moist but not 
wet. When in this conation the work can be done with greater ease and the 
loosened material will settle and compact more readily. It is not advisable 
“to do work on earth roads in very dry and dusty weather. 

4G. When the road surface is allowed to become rutted, raiu water will 
•collect in the depressions making mud holes and weakening the foundations, 
whereas an earth road with a hard smooth surface will shed rainfall and will dry 
•oS-rapidly. If it is possible to do so. it is preferable to keep heavy traffic off 
•the road during heavy rain and for a few hours afterwards, until the road sur- 
face has dried. 

47. The following are the chief points to be observed on this mainte- 
mance : — 

(0 Ditches must be kept cleat of obstructions and water must not be 
allowed to collect lo them. 

(tt) Camber of road must be maintamed. 

(m’) When ruts begin to form they must be smoothed out. 

{iv) Irrigation water must not be allowed to flow over the road. 

In addition to this certain special repairs may be necessary, such as the 
tepair of culverts, etc., for which materials are required. 

48. Also, it has been found by experience on these roads that the Zamin- 
•dars do three things which cause damage :— «• 

(*) In order to give access to the fields the roadside drains (which did 
not exist before) are filled with earth 
(it) Irrigation bunds are built so that they encroach upon the road. 

(tiV) During construction it may not be apparent exactly where culverts 
for irrigation channels are required. If a culvert does not exist 
the Zamindar digs a clianncl across the road for his irrigation 
water. 

It is the business of the maintenance gangs to prevent these occurrences 
^nd to put them right To give access to fields katcha timber bndges are good 
■enough, but they must be so constructed that the dram is kept clear. Irrigation 
channels and bunds are an encroachment and should not be allowed. The 
channel should be made bv the Z ^in iind.ir on hi** own land clear of the ro.adsidc 
•wain. As regards new culverts it is onlv after experience of the road under 
trafUc conditions that the full requirements can bo decided. A few new cul- 
bo necessary on all roads after construction has been finished, and 
•allowaace for them should be made in maintenance estimates. 



Extract frov\ Engineer in Ghief't Technical Paj)Cr No. 10: "Hoad Construe- 
lion and Maintenance vi India". 


OBAVEL BOADS. 


Gravel is made up of small round particles of stone which occur in 
nature and arc Butllciently largo to be retained on a i" screen. When s 
Boil contains as much us *10 per cent, to CO per cent, of gravel and suflicicnt 
clay or other cementing material to bond the particles together it proves 
ft Batisfactory material for tho construction of roads, because it is druiiied 
easily and is very Btablo when compacted. 

Ordinarily tlio Rclcction of gravel for use in road construction must be 
confinod to local materiala which are or can be made suitable for the i)ur* 
}>osc. Since gravel varies enormously in quality it is essential that the 
Engineer should have some knowledge of tho physical characteristics of the 
various materials and their suitability or othenvise for road constnictlon. 

Tho tbrcQ chief characteristics which ftffect the quality of gravel for road 
W’ork are: — 

(1) The size and shaiHi of the pebbles. 

(2) The hardness of the pebbles. 

(3) Tho proportion and nature of the fmes, which act ns o binder. 

It may appear strange but it is n fact that round material will bmd 
just as well as any other form, and is much easier raaiutained with a 
smooth ruling surface. Irregular shaped matcnal may bind better to form 
ft crust, but it is not ns suitable us the round material for tho surface coat. 
I'urther, there is less wear in tho round stono than there would be with 
irregular stone, since trafTio cannot injure it by knocking off tlio comers 
or by reducing its size by ftbrasion and impact. 

Eor graacl to make a satisfactory surface the stone particles must bo 
graded in size so that tlio amount of binder required is reduced to a mini- 
nuiin. since it is tho stone and not tho binder that takes tho traOlc. Most 
gra^^'l deposits as they occur In nature satisfy this requirement in so far as 
the grading of the pebbles is concerned, but they nearly always contain 
pebbles of a size larger than it is desirable to incorporate in n road surface. 
For ft good surface tbo maximum size should not exceed IJ inches in 
diameter. Tho qn.alitics which determmo tho durability of pebbles when 
used in a* road surface are hardness, toughness and resistance to w-eat. 
Fortunately most nullah bed bnjri contains a large percentage of limestone, 
which is excellent for road work. Quartz is harder than limestone and 
gives a good finishod surface ns it is round and easily worked. Sandstone 
is softer but works into a good surface ns it has good binding qualities. 
Bhaley gravel is usually poor, as it decomposes rapidly into dust under 
traffic. N'orninlly, in order (o determine the best inalorinl the Engineer 
should reconnoitre the Fources of supply in proximity to tlie alignment of 
tlio road It is sufTicient to tost tho hardness of tho gravel by hreakin" tho 
various kinds with ft hand hammer. 


>;o matter how- durable tho pebbles contained in gravel mnv ho, they 
cannot bo u'.cd surcessfully in a* road surface iinleps they can be well bonded 
together to produce a combined resistance to traffic. 

r.v.'Oon.’ l.ntms th. gmTcl nwj Hint lin^i nbolil 0 ii.clics of loose B™iol 
on loi. of II, nnci nliicli is cslremely dnnsrroiiR tor n.oler leliiclca TIio 
rt-sson Mliy sue], s„rf„e.-s nro I, ml is that lliere is no liimter Mlialercr in 
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the material. Clay is the usual binder a^ailablc. The suitability of any 
particular clay for use as a binder depends upon the same properties ns its 
suitability for use in earth roads, that is, a good nou-slaking variety of clay 
is the best. The clay must be mixed in the proper proportion with sand. 
The sand content should be at least twice ns great ns the clay content and 
the sand and day, when thoroughly mixed should be sufficient to fill the 
voids in the gravel. 

The grading of the grasel should receive close attention from the very 
beginning. If the Engineer carries inth him a number of small sieves for 
•samnli.'' he will be able to analyse in the field any gravel met with and 
will be able to decide there and then whether it is suitable 

Ihe gri\ .*1 should be fresh nnd clean, and be roughly to the following 
grr.rling, but a good deal of latitude is allowable in tli^ grad'Lg — 

rtoj* . 

j-to}' . 

Fines below } 

In order to obtain this grading it would be necessary to screen the 
gravel three times. For rapid work this is not practical Fortunately 
most natural nullah bajri is sufficiently well graded in the above proportions 
for all practical purposes. It is however, always necessaTv to screen once 
to remove the large stones over 1". An expanded metal screen is the most 
auitable and practical way of doing this. The measurements of the mesh 
ahould be IJ" by J". 

One screening must always be done. If the large stones are not removed 
they remain on the road. They cannot be dealt with by the Auto- Patrol 
and they are a great nuisance to traffic They have then to be removed 
by hand which is very expensive in labour, or else they remain a hindrance 
to traffic. 

W’hen the gravel has been screened once to eliminate the large stones 
it will readily be seen whether any further screening is necessary If the 
sample contains a large proportion of fines it may be necessary to use a J" 
screen to remove them 

If the subgrade i« of clav the above grading i«- the best but if the 
Subgrade is sand or silt and if good non-slaking clay is not available. larger 
stones, even upto 3' in diameter ma;k be u«ed. as noted on page 8S 

Clay Subgrade. — The nietho<l of treatment for a cln^ subgrade is 
simple 

If we examine on earth road during a dry spell after ram we will 
find that, as the surface dries out. a crust of bard earth lA to 2 inches 
thick is formed. Below this crust the soil is considerably softer .uid con- 
tains a greater percentage of moisture As drving takes place the tffect 
ot irafuc IS to reduce the cru>t to powder md tJ'cn to w.-ai nw, i tin snfter 
material ln.*neath That is to sav the action of the drv weather reduces 
the moisture content, nnd then the nbrasut action of the tniffic removes 
the crust W'liateter treatment is afforded, therefore must j reveni the 
drying out of the moisture sufiicientlv long until a further «upj Iv i- forth 
coming nnd thus increase the wearing time of the crust to a reasonable 
limit In order to prevent this e\ iTJoration it is «ccfntial to cover the 
surface of the road 


15 percent. 
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A compnrativcly thin ln 3 *er of gmrel on on earth aurfjito ver.* quicllj 
compacts with the cartli forming n thin coat which iias tlic property of 
rcdiicin? ovupornlion and providing n wearing surface for traffic. 

Tiu“ ideni typ'' of gravel surface is one in nJjicli flic lower portion of 
the gravel combines with the earth to form n crust, on top of which lies a 
thin ln\cr of matounl which can be moved bachwnrd®' mid forwards to fill 
any depressions that may form. This upper surface will bo loose, and it 
is clear th;.t its nuiximum size should be compnrativelj' small. 

This latter point is of vital importance. The greatest faults of so 
called shingle roads arc that the loose covering is too thick and that the 
size of the material compo‘=‘ing it is too large. In the first case the mad 
will he heavy for traflic, and dangerous owing to skidding on the curres- 
In the second case it will be rough and the large stones will damage the 
under-p.irts of the vehicles. Both these faults arc n\oided by having the 
loose layer only half an inch thick and composed chiefly of sharp sand. 

For first co-at work n depth of gravel of 14 to 2 inches should bo 
provided. Collection should be ordered for 2 inches. Tiie widtii for the 
coat should he 20 feet for 2-wav traffic and the full width of the road for 
anv ICS's width of road The cmvel must not bo stackeJ on the road where 
it will obstruct traffic. The Auto-Patrol will spread the gravel, if it can 
reach the stacks The gravel should not be stacked in small wide stacks- 
TIie«o are easier to measure, but they invariably occupy much space and 
obstruct traffic. Where the road is wide enough the stacks should bo at the 
extreme edge of the road They should be narrow and lugh, and also con- 
tinuous along the length of the road If the road is not wide enough the 
stacks must be collected originally off the road and subsequently cither 
spread by hand, or else moved on to the road when the Auto-Patrol is ready 
to work them 

The subgradc having been brought to its correct sliapo and consoli- 
datod, then anil not tiU then should the gravel he spread. 

Bolore b.ying the gr.vve) the subgradc should be well watered with 
water loines The watering is of great value subsequently smee it provides 
moisture wjucli is ret.imed when the gravel surface is put down It also 
assists in consoirdatiug the lower lajor of the giavel 

The spreading may be done by huid or by the Auto-Patrol It is better 
to u«o the Ir.iler if it is available The first co.»t should l)C laid 14 inches 
deep on a noriivd clay subgradc Any furge stones tliat got on to flic raid 
when «jireiuliii" the gravel, or that arc tcm up from the subgradc by tho 
Auto- Patrol should be removed by hand 

Tlio Auto-Patrol should always hr-ve it small gang working behind it 
reinoviii" tlicsc stones 

If the spre.uliiig is done by hand It will not be even It can bo made 
even vt-rj' <iiiickly and easdv hr the Auto- Patrol 

It is quite incorrect to spread earth over this layer of gravel. Traffic 
itself will very quickly force the lower stones into the clay, whilst the 
upf'** portion is retainevT loose. 

Maintenance of clay subgradcs —From time to time it will be neccRsary 
to dress up the gravel ns tho tendency of motor drivers is to take their 
vehicles straight down the centre of tho road, thus forming two ruts and 
throwing up a little of the material ol e.ach side whilst that under tho 
wheels is lorred downwards. To drag the material back again is all that 
IS required. This can be done by the Auto-Pntrol. or by broom drags. 



After a little rain and when the road has been opened to trafBc for a^. 
short time the crust will soon form. For almost nil roads carrring light, 
tniffic this single coat is adequate for the first year or two. A road plauer 
run over it once a month will keep it true to shape. If the material is- 
round, the wear will be negligible. 

Where the traffic is verj- hea\y, as dunng opcratious, it is likely that 
the crust will be broken through m one or t\\o places, fonniug verj- largo 
pot holes. These must be filled m with gra\ol without delay and before- 
they have time to spread. If 2" of gravel has been ordered and only about. 
IJ" spread there will be a surplus of gravel on the side of the road for 
patching. It is very important to keep this patching material renewed 

The first coat of gra\el salvages the road. Subsequent coats improve it. 
A good gravel road should alwius have the loose layer ot fine material on 
top which can be worked backwards and forwards with tlio Auto-Patrol 
or broom drags to fill up uneven places 

When deluged by ram the water can run away readily to the sides and 
if the shape is properly maintained by the mnebmes no thin spots or holes 
will bo allowed to form This loose surface lajer should ordinarily be about 
half an inch thick For gootl maintenance this half-inch layer must bo 
retained. 

As subsequent coats increase the thickness it will not bo long before n 
full depth of about 5 to 0 inches is reached Nothing is gamed by iiicreos* 
ing the thickness beyond 0 inches Should the road become uneven ut this 
stage the surface should be loosened to a depth of to 2 inches ond tbo 
material planed backwards and forwards 

If there is very heavy traffic such ns occurs during operations and practi- 
cally while the road is under construction patrolling by the Auto-Patrol 
should bo continuous This is verv important, and will make a great differ- 
ence to the road. The Auto-Patrol will keep the 'lurfacft even and wiU 
prevent pot holes from forming For this work the multiple blade attach- 
ment adjusted to a depth of one inch should bo used. The Auto-Patrol 
Will do 12 miles of road a day, once over in each direction 

If water lorries are available it is advantageous to water the road in dry 
weather, as tins not only keeps down dust, but also renews and keeps 
the moisture in the road 

Maintenance by the Auto-Patrol can be greatly assisted by using » 
drag broom and drag scrapers lowed behind lomes The drag broom is a 
locally made article and is excellent for keeping a smooth surface on a 
gravel road A drawing of the drag scraper is shown at figure 6 of Paper 
No 4. 

Gravel and shale subgrades. — ^For gravel and shale subgrades the treat- 
ment IS exactly tbo same ns for an earth suliCTado. except that normally 
one thin coat (IV'l of gravel will be auitc sufficient to m.ike a verv eood 
road. With these subgrades p.irticul.ar attention niu't be paid to provid- 
ing good drainarc in the first instance 

Catch water dr.ams <tro extremely valuable for these subgradea, which 
occur usually in hilly country If water is allowed to fiow from the hill sido 
on to the road the coating of gravel will bo washed away and will htrvo to 
• be renewed. 

Sand and Silt subgrades — Tlie method of trentm''nt of sand and silt 
subcradcs is different from that recommended for an earth or gravel sub- 
^ grade. 
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When placed on sand or silt, gravel tends to go don’nwards and in ^ery 
'dry weather which extends for a lengthy period it :nay get lost altogether. 
JVs a gravel road should have a loose surface, a coating of gravel over tbe 
-sand at first presents a good surface. Tht. difficulty arises in keeping it 
“there. It can bo retained by a layer of clay between the sand and gravel, 
if available, When good non-slaking clay is not to be had close at hand a 
large coarse gravel will serve excellently. It has the advantage aiso of being 
'hard and not as easily destroy .'d as clay. 

This coarse material graded between 14 and 3 inches should be laid on 
to a minimum depth of 3 inches. This layer will gradually mix up ^'Jib 
•the sand and furnish a hai*d base over which the smaller gravel can be laid 
in the usual way, later on. The larger stones below will hobi the moisture 
•for a considerable time thus preienting the fine sand from working up 
Subsequent coats of gravel will increase the crust and gr.iduall.y build up 
. a good road. 

A. sandy and silty road must be treated according to its nature and 
according to the analysis made of the soil. It is usually better to put on 
ta double coating of gravel as described above than to use clay, especially 
•if gravel is more easily obtained than good non-slaking clay. Clay cuts 
up under traffic in wet weather whilst stone does not. 

The presence of this additional quantity of stone will cause the moisture 
-to be retained and will delay evaporation. Sand does not become objection* 
•able in a road until it becomes dry* and powdery. The double thick* 
ness of gravel prevents pondering. If clay is used it must be remembered 
-that it will puUcrise in dry weather if applied above the sand in too thin 
a coating. The thickness of the clay should not be less than 8 inches for 
‘IJ inches coating of gravel. The greater tbe thickness of clay applied the 
-nearer it approaches an ordinary clay rood. Tbe total quantity of clay 
and gravel depends entirely on the nature of the sandy surface being 
-covered. 

4Yith intensive traffic the first or first two layers of gravel may disappear 
-altogether Anything up to I'C" thickness of gravel may have to be pro 
•Tided if the soil contains 70 per cent of silt 

Maintenance of silty subgrades. — ^In dealing with a very silty subgrade 
it IS of even greater importance to patch quickly than it is in the case of 
•the good clay subgrade 

Also, watering becomes of very groat value, and tbe nrrongements for 
• bringing water quickly on to the roaxl must be complete. 

As soon as one coat of bajri has been spread on roads cf the description 
^jrders should at once be given to collect another coat. There should always 
be one co.at of bajri in rcseiwe alongside the road. 

Tlie tendency of gravel roads to develop a wavy or corrugated surface 
is particularly noticeable in the case of “andy and silty subgrades. If the 
-corrugations are not too deep and especially if the work is done while the 
road surface is moist, the tops of the corrugations can bo cut off by the use 
of cither n grader or (he .\uto-Pfltrol The material thus removed is 
spread uniformly over tho surface and compacted by traffic. It should be 
-continually worked b.ack and forth and kept in a smooth condition while 
it IS thus being compacted A small anioimt of tnohture in the road surface 
adds mnlorially In its cementing or landing togctlicr. Too little or too 
-much moisture will jirovent the proper bondin'’. 
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If the roadwaj has been allowed to become deeply rutted or ver\ v.avjr 
under the action of traffic, the surface may liaie to be scarified and bladed 
into proper shape. This scarifying should be done to a depth equal to at 
least the depth of the corrugations The scantier attachment for the Auto* 
Patrol is an excellent tool for this work It should be borne in mind, that 
large rocks m the road bed interfere with this method of reshaping and. 
they should be removed from the surface before starting the work. 


Lieutenant. Colonel A 1’. T. llaKcly (^the Author)- Mr. Chairman and 
gentlemen The only additional remark that I would like to make is to 
stress the importance and value of the AutO‘Pa(rol that we s.iw in Pe'Tiawar 
It is a maintenance machine, and we find it e.vtreniely valuable for the 
maintenance of earth roads The one you actually saw m Peshawar didi 
not have the ordinary blade fixed on, but it had the multiple blades. The 
ordinary blade is used for tbe first two or three rounds and the muUiple 
blades are for smoothing The AutO'Patrol is n very rapid working 
machine for the maintenance of earth roads, and we have actually done up- 
to five miles per day of finished rood with it. (Applause). 

Chairman I will now call upon Mr. Breodon to introduce bis paper 
and to make any additional remarks be wishes to make. After that, we- 
will consider both papers together, os I think they relate largely to the- 
same subject. 

The following paper was then submiffed for discussion : 
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PAPER No. 3, 


Earth Road Construction and Maintenance bt IMachinert. 


By G. TT. 0 Breadon, District Engineety Gurdaspur, Punjab. 


These notes relate exclusive^ to EARTH ROADS, which, all Engineers 
'will agree, must form the backbone of Communications in India, even if, 
■"■when the financial position improves, India embarks on a programme for 
' extending her hard road system. 

2. Earth roads, under all conditions, will, for all time, remain the peoples' 
.roads, i.e., the District Boards’ Roads. It follo'ws that any improvement in 
• methods of construction and maintenance are of vital importance to District 
Boards and also to the whole Province. 


3, My experience is that a good earth road can be maintained in satis- 
' factory condition for easy travelling for the greater part of the year and in a 
-fairly passable state during the rains also. Tractors and the graders have 
“been tried out in the Gurdaspur and several other districts in the Punjab. In 
* the Gurdaspur district these mechanical appliances have done comparatively 

good work and have done it fairly cheaply, but from my experience, as a high- 
way Engineer, I was not satisfied with the plant employed, its output and the 
■ cost of operation. This was not because the tools are unserviceable, but 
because the outfit is incomplete. Distnet Boards are ill-advised to invest 
An complete plant which could not, therefore, yield the best results. 

4. For road construction and maintenance an outfit should consist of 
Two graders fitted with scarifiers and back slopers 

Two tractors for graders. 

' One road planer, or smoothing drag, or so called " Maintainer 
One tractor for road planer. 

■ One triple set of road rollers (C tons). 

One tractor for rollers. 

One motor lorry for transport. 

Four tents for operators and coolies. 


5. The outfit (Icscnbed above is not too costly for most District Boards to 
invest in. I liave not yet obtained such n compictc outft, but the Gurdasnur 
District Board iias provided two tractors, two graders, one maintainer one 
ret of tripic road roilers, two iraUock carts nnd four tents for st.afl and I feci 
sanguine that two more tractors wih be provided nc.vt year. With tiic nlant 
now m use 1 a>n aide to gr.ado from 4 to 41 miles of road per day, but with a 
laimplcte outfit here ,s no reason why 10 miles of road should not be completed 
in one day. The pian ntfaclicd shows the sequence of operations in which 
a complete outfit should proceed along the road. ^ 
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6. Jlic advantages that this aj^tem ofiera are threefold. 

Firstly . — About 10 miles of maintenance work, including drain-escavation, 
anrface-cutting, surface-forming and consolidation, can be executed in a \Tork- 
ing day of eight hours ; that is 60 miles of road can be improved weekly, 
■■without the operators being inconvenienced, as a lorry enables them to change 
camp daily. In this manner all roads in this district can be graded at least 
■three times a year without disturbance to traffic. 

iSctfond/y.— It is the most economical method of road maintenance and road 
•construction. The cost of improvement by manual labour is about Rs. 1,500 a 
mile and subsequent maintenance varies between Rs. 200 and Rs. 350 a mile, 
whereas a mechanical outfit, including all working charges and depreciation, 
can do the work more quickly, more efficiently and far more economically. 
Improvement costs approximately Rs 60 pet mile end maintenance from 
Rs. 20 to Rs. 40 per mile, according to the nature of work and season in which 
it is executed. 

TAirdly.— There is efficiency with no disturbance to traffic. The whole 


along the road surface and at the same time cuts down and smooths over all 
•irregularities in the road ; while the rollers in their turn consolidate the earth 
learing behind them a finished road ready for immediate use. Nothing more 
desirable could be wanted for we have m this outfit SPEED, EFFICIENCY, 

freedom from closures and economy. 


7. During the year 1931-32 about 200 miles of earth-roads in the Gutdaspux 
l)Utrict were maintained — a tractor and grader alone being employed. The 
Work was good and the condition of roads was materially improved at an 
•average cost of Rs. 52 per mile for the first grading, against an estimated cost 
■of Rs. 100 per mile for 2 gradings each year ; but the great drawback through- 
out was the looseness of the road surface, which is, as can be readily realised, 
0 great hinderance to all forma of wheel traffic. A loose surface, too, is quickly 
rutted by bullock carts and lorries, which calls for a second light dressing-cot 
within a very short time of the first operation. In my opinion the grader, 
Without the planer and rollers, can not, in producing a cheap and serviceable 
earth road, compare with a complete outfit. 


8. Referring to the attached plan, I desire to point out, that when the 
existing side drains of a pre-graded road ore in a fairly sendceable condition 
IS not necessary for more than one grader cut to be made on each side 
■of the road, in order to provide sufficient earth for the making up of the 
foad surface. The width of the road is determined by the spread of the blades 
of the maintainer, which in the case of JIacCormic Deering No. G1 planer, is 9 
wet. The mounds of earth left by the grader should, therefore, not exceed 
® from outside to outside. When spread over the surface of the road by 
the long moveable blade bebind, the width is increased to about 10 feet which 
u easily covered by the rollers. Should a larger quantity of earth be required 
or the roadway, and it be also desirable to widen and deepen the side drains, 
he graders will have to make two cuts on each side of the road, the first cut* 
‘ocing 18 feet apart and done independently of the maintainer and roller*. 
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These Tvill not come into operatioii until the graders are making their second 
cut, which will be in parallel lines 14 feet apart. 

yoxE. — It ia verr important, not only for the sake of appearance, that the first cot 
made by the grader should be strmght, as all succeeding cuts are governed by the Erst, 
and any jrregiUarity which appears in the first cut is likely to persist in the finished ditch- 
It is even more important when a maintainer fa m use that the guide hnes for the grader 
8 hould be accurately laid out and be parallel- 

9. Punjab . — ^Boads in the Punjab are divided into four classes : — (1) 
Arterial, (2) Class 2 or main roads, (3) Class 3 or entirely District Board toads, 
t4) village roads. Under the Head Arterial Boads there are 4,720 miles of 
which 2,150 are metalled and 2,570 are unmetalled. Arterial Roads are 

. from Provincial funds. 

■ ■ “ ' ■ vliich 1;150 are metalled 

■ . ‘ • 1 roads is believed to be 

, , ■ • . 40,000 miles of ^'ilIag9 

roads in the Punjab, but actually they do not deserve the name of road. 

10. From the above it will be seen that Punjab highway system includes 
about 20,500 miles of earth roads and 3,600 miles of metalled roads and ^ete 
the Province to embark on a programme of metalling the whole system it would 
take about 100 years to complete at the colossal cost of Rs. 41,00,00,001} 
which represents the initial cost of construction only. It is obvious, therefore, 
that this Province will have to depend mainly on earth roads and, in order 
to improve and maintain such roads, it will have to resort more eJrtensively 
to the use of machinery. 

11. In order to open up the country rapidly and economically, I would 

urge upon Government the jnroposal of combining its Railway, Roads and 
Rural uplift policies, whereby a larger number of feeder earth roads and even 
village roads can be improved for motor traffic and some restrictions placed 
upon the transport of goods and passengers by motor vehicles aIoDf» arterial 
roads running withm a distance of 10 miles on either side of Railways. If this 
could be done motor lorries would find their way into the remotest of villat^es 
from which passengers and goods will be conveyed to Railway stations. The 
revenue of the Railways will thus be increased, while the owners of lorries will 
have no occasion to complain of loss of business. Incidentally with the im- 
provement and the extension of the earth road system Government, as well as 
District Boards, should be able very materially to reduce the cost of education 
which is at the present, a drain on the resources of District Boards. ’ 

12. Soils . — Speaking generally from a constructional pomt of view there 
is hardly a soil which is wholly unsuitable for an earth road. It is however 
admitted that some soils arc bad, but it is not difficult, not is it costlr to im- 
prove the surface so as to make the road ser\-iccable for motor vehicle and 
bullock carts. 


(I) A day-loam {cootainlng aW 00 to 70% ol clay) makes aroad which 
will stand up t o hea\y traffic. 


(2) A ,cht loamy , o. (contaimg over - 0% of sand) is aot to be despised, 
proviJed that It 15 ^aded and rolled when there is some moisture in the sod. 
Tins toad will easily carry irodetatclyheaaT traffic, but should it break u, 


93 


under heavv loads, a S inches to 6 inches layer of clay spread over the surtaco 
at the tune that the 2nd grading is being done ^1, vhen rolled, remove all 
dificulties. 

(3) Soils impregnated irith certain salts are about the best for earth roads, 
but 

(4) "Where salts are in excess, they can be remedied by cither clay covering 
the surface or hr spraymg vrith thecrndest of earth oil. 

13. From actual experience in this District I have found dhat the worst 
sections of roads in weak soils can be improved and brought up to a high 
standard by clay-coverinE* at an average cost of Ks 500 per mile. 

14. Seledwn of P!a>U. — The experimental stage has passed and we are 
cow definitely able to state what in.ikes of tractors, graders, mamtainers 
and rollers are best adopted for the mechattica! construction and maintenance 
of earth roads. 

(o) As regards tractors, I prefer those manufactured by MacCorinic 
Deering. For light draught work the 15 30 H P. — is generally suitable and for 
heavier work the 22 35 H. P. wheel tractor will bo found verj* suitable. The 
T 20 Trac Tractor is also a very good machine, but it has one weakness in its 
twek rollers, which the manufacturers have been advised to remove. The 
CaterpUlaj tractors have also given very satisfactory service on the Xorth- 
T\est Frontier; while in Kenya the Director of Public Works has found the 
holt Xo. 30 Caterpillar, the Sawyer Massey 2Co. SO grader with scraper and 
tack sloper and Ransomes Duplex Water Ballast Roller to bo the most suitable 
for his work. As a matter of fact that tractor is best the gears of which aro 
saitable for earth road work. Most British machines are imfortuuately un- 
satisfactory for this reason. 

(6) Graders . — ^Tho Graders which I have used arc tho Ad.xms leininc wheal 

7 and tho Stockland grader and have found both cpuUy service iblo. 

(c) Jl/fljn/ujncr.— My experience in regard to immtaiuers is liinitol to 
Adams Xo. GI. 

(d) Rollers. — Oar set of triple rollers was manufactured by a Bombay 
firm, but unfortunately tho frame is weak. 

Schedule or Coxsusimox or Fuel-oil, etc,, by gb-vdin'O outfit .o'd cost 

OF GRADIXO PEB aULB TRVVELLED. 

15. For tho purpose of chocking tlio cost of grading I giro below, the 
^^'■^rago consumption of oil, lul)ric,atmgoiI, etc., nl«o cost of labour .and depio* 
elation on an outfit consisting of ono T. 20 Trac-Tractor and one Adams leaniug 
wheel grader : — 

(1) Kcrosonooilrr:0'93 g.allons per mile travelli.\l. 

(2) LubricatluR oil=0'0S gallons per mile travelW 

(3) Potr»)U-0-02 per mile travelled. 

(4) Gr<'aso.«0*02 lbs. per mnotra\*eIIoJ. 

(5) Thick lubricating oil— 0*«7 gallons per mile travelled. 

u 
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(0) Miscellaneous (Lime soip, cotton wasto, etc.) =0-4-3 per mils 
trarolled. 


( 7) Establi3liment=l-l-8 per mile tiavcllcd. 
(8) D6pTeciation=l'G-8 pet nule travelled. 

Note.— *■ ' — **—’--*• 

•Rs. 2-8-0 pa: 


» ,.. 11 .. V — - 1 ^ not exceed 
. . .tioa for the 


5 ' 6 ai 1933 -si ■ * “ 

16. During five months of the current year the cost of working an 
consisting of a T 20 Trac 5Vactor, a 22-36 MacCotmicDcering wheel tractor, an 
Adams leaning wheel grader, a Stock Land grader, a 61 maintainer and a set 
of triple lollera (G tons) is as under *. — 

Kerosene oil=2 J gallons per mile travelled. 

Pctrol=l gallon per 50 miles travelled. 

Mohilo 011=1 gallon por 12 miles travelled. 

Gear 011=1 gallon per 35 miles travelled. 

Grcase=l lb. per 10 miles travelled. 

Miscellaneous (cotton waste, cleaning cloth, soap, ctc.)=3 pies per mile 
travelled. 

Establishment Re. 0-13-0 per mile travelled. 

Depreciation Rs. 3 per mile travelled. 

Lime for marking road 1 maund per mile travelled . 

Note.— T he e^tima-ted cost inclu<Uag aU chaTges U Rs. 8 pot mlla travelled. 

17. E^ablishment employed on working the above 

machines consists of ; — 


1 Tractor Dnver-raoclisoic . . . . . . • • TO 

1 Tractor driver . . . . . . . . . . • • 42 

2 Grader operators at Rs 40 eacli . . . • • • 80 

1 Jemadar . . . . • • . . . > • • ^9 

8 KhalasuatRs ISeacb .. .. .. .. .. 120 

2 Caitmon at Rs. 40 each .. .. .. .. 80 

Total .. 412 


I would, however, like to have a mechanical overseer with road experience 
to supervise the work paying him Be. 100 p. m., which would ho more than 
coveted by the additional work which could bo done if tho Tractor-driver were 
relieved of setting out the work and general supervision. 

18. d/<iinfcjwnce of J/acAincrj/.— It is most important that tho District 
Engineer should engage thoroughly trained and competent men as operator 
and also oscrciso frwiuoat supervision in order to see that his men are 
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all machines clean and faithfully carrying out the instructions of mamifacturers 
in the proper lubrication of all parts. 

19. Spare Parts . — The District Engineer should arrange to keep in stock a 
suitable number of cutting blades and such other parts of machinery as re- 
quire frequent replacement He should also obtain an undertaking from the 
agents, through whom machines have been purchased, that they themselves 
nail maintain a well-stocked spare parts department in India, preferably in the 
Province where tho machines are operating. 

20. Manual Labour . — Despite the fact that a grader can conveniently 
raise a road to a height of 2 it., provided that sufficient land is available on 
both sides of the road-way, from which spoil can be cut and convoyed to the 
bank, we cannot entirely dispense with cooly labour in tbo construction, 
improvement and maintenance of earth roads. Manual labour is necessary 
for (a) repairing bridges and culverts and in keeping tboir approaches in order ; 
{b) closing breaches in. roads and in raising such portions of the road where 
machines cannot operate ; (c) clay covering sandy stretches ; (d) grubbing out 
stumps and roots of trees ; removing jungle and large rocks ; (e) cuttmg outlets 
from drains ; and (/) keeping road crossings in proper order. 

21. limitation of size of Motor vehicle — If tho proposal that I bavo made 
above to improve earth roads and oven village roads be carriod into offeat 
it will bo advisable in tho interest of the roads not to allow very hoain* vehicles 
to ply for hire. It is a mistake to suppose that India, with its millions of 
small land owners, will ever lend itself to the employment of largo trailers 
drawn by diesel oil engines or multi-whceled trucks In any case their introduc* 
tion should not bo encouraged, but every assistance should be given to small 
lorrj* owners 

22. Conclusion . — It is most important, where mechanical tools are used in tho 
development and maintenanco of roads, that tho machinery so employed should 
bo kept in constant commission. Breakdowns cannot bo altogether avoided, 
but they can bo considerably reduced, if a trustworthy superintendent is in 
charge of the plant and if the District Engineer o.vercises reasonable super- 
idsion. restriction shculd bo placed upon the Engineer in tho immediate 
replacement of worn-out parts and in the execution of essential repairs. Un- 
fortunately some rules framed at a time when tho use of mechanical tools was 
not contemplated, appear to be excessively restrictive in this respect. 
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DISCUSSION OX PAPEES Xos. 4 AND 3. 

Chairman : la the first place, I should like to thank the ^Titers of these 
two papers for their extremely interesting, able and 'veil written papers. 
Personally, I have no experience of roads of this kind, and I have red 
both these papers with much interest. I can hardly believe that the 
authors attained the results Ihey claim to have attained and I only hope 
that what they tell us is true. (Laughter). There is one point that 
stiock me particularU — one on which both lay emphasis, — and that is, ‘hey 
Say that the whole success or failure of the system depends entirely on 
good organization. Yet it is suggested that supervision of a less high order 
is necessan' than is the case when constructing roads of a more permaneub 
nature l ean haidly think that this is the ease It seems to me that if 
this expensive machinery is to he kept m full commission and made the 
utmost use of, one would %vaot a staff with great initiative and foresight. 
In tact, \QU want men of a better quality than are required for the main- 
tenanf'e and construction of metalled roads. I hope that in replying the 
writers wiU refer to tliis point more fully, because, it is a criticism that I 
ha^o heard made by other people as nelL There is one other point I would 
like to mention and it is this. As far as I can see, the "hole of the work 
18 done by departmental labour, and it is not possible therefore for the 
engineer to pass any of his responsibility on to the contractor, as we can do 
in regard to our road nork. Here, if things go wrong, to a certain extent 
"e can hold the contractor responsible. In the case of these earth roads 
this does not seem possible. 

.Mr. D yfacftirJanii: Mr. Chairman and gentlemen, Mr, Brebner ha« 
just relerred to the fact that when graders me employed, a higher class of 
supeivision is requited, and I tbmk, theie is a lot in wJiat ho says. The 
graders in the Punjab were introduced some time ago, I think very greatly 
through the energy of Jfr. Stubbs, when he was Secretary of our Com- 
munications Bo.a^’ In the Punjab the District Boards are the people, 
who are primarily interested, because they have far more unmetalUd roads 
than other Dep.irtment<». Mr. Stubbs inaugur.ited this system of gradeis. 
and persuaded the District Boords to purchase them. l”nm sorry to s.iy 
tli.it in recent years the graders have gone very much into disuse, and Mr. 
Stubbs lias been away from us for the last year, but I can assure him and 
others that these graders have gone so much out of use that recently ihe 
Punjab Communications Board bare devised a separate Fund which they 
set apart from the grant-in-aid which they give to District Boards as sub- 
bMv so ns to encourage them to bring these graders into use again. One of 
the excuses that is put forward by the District Board Engineers for their 
disuse is the difficulty of getting spare parts, but my own experience with 
regard to any form of mechanical work is that unless it is dene on a really 
big sc.alo, the question of spare parts will arise, and it is really a difficult 
question. If a District Bo.nrd has perhaps only one or two graders in use 
in the whole of the districf, and if those get out of action, then it mu«t 
take n long time to get the spare parts, and the result is, that thev revert 
io the original methods. I think you will find that it is exactly the s.ame 
thing uitli any form of mechanism. If you have got a really «’ood and 
efficient organization and a good norksbop the thing is entirelv 'tlifterent- 
Two years ago uhen we were rebuilding the Kohala Bridge, the whole of 
(he transhipment of steel work, pneumatic rivetting plant, etc., from rail 
licad at Bawalpindi to site — some C."! miles away was done by fho I. A. S, C 
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■^vtio ^ery kmdiy uuclertook Hus woik for us an<I the thing A\orked marvel* 
lously. I remember one day passing n perfectly good four-wheel drive lorry 
-with nothing in it. I asked the driver where he was going, and he replied 
that he w-as going to Kohnla, because they had had a wire the previous 
night from there to say that one of their lorries had broken a back avle and 
he was taking down a new one Xow, if you haie a perfect organization 
like that, all is well, otherwise if anything goes wrong, the lorry or in this 
c.asy the grader is merely loft b\ the road side and the staff reverts to the 
ordinnrj hand labour (Applause). 

ChaiTiuan I suggest, gentlemen, that we should adjourn now and 
continue this discussion to-morrow morning at 10 o'clock. 

The Confeieuce then .idjoumed till 10 \ m on Wednesday, the 12th 
December 193-i. 



Third day, Wednesday, Dccemler 12th, 1924. \ 

The Congress re-assembled at 10 a.si., Mr. B. F. Taylor, (Chift 
Engineer, Assam) in the Chair. 

1 


DISCUSSION OF PAPERS Nos. 3 AND 4—(contd.). 

Chairman: Gentlemen, yesterday afternoon we loft off during the di=* 
cussion of papers 3 and 4. We will now proceed further to hear anything 
that anybody else would like to say with, regard to those two papers. 

Mr. S. G. Stubbs: Mr. Macfailane mentioned yesterday that perhaps 
I would be able to say something about road grading in the Punjab. Well, 
it is about five years §ince I have bad anything to do with it, so my know- 
ledge about details is rather hazy. I think it will meet the case if I read 
out iwo paragraphs of a paper* on Earth Roads I wrote nearly five years 

ago- , 

“As early as 1921, the Communications Board of the Punjab realized 
the very great importance of uumetalled roads and had been impressing 
upon District Boards that earth roads are of definite economic value aol 
can be kept in excellent condition li the soil is suitable and proper attention 
is devoted to them With this object in view demonstration 
earth loads were constructed by manual labour in 20 districts. 
These roads vero already in existence, so the work really consisted 
of improvement. This consisted of restoring the camber by 0 to S 
indies of earth filling, watering and rolling, repairing existing culverts 
and providing new ones where necessary. To give the expeTiment a fair 
trial, the Communications Board entirely financed the cost of improvement 
and subsequent cost of maintenance for one year, In all except three 
cases, all these roads were in excellent condition after a year. Though 
these results were very satisfactory, this method proved comparatively 
expensive, improvement costing about Rs. 1,500 a mile and subsequent 
maintenance costing about Rs. 200 a mile. Therefore activities in this 
direction were somewhat restricted until the introduction of tractors and 
graders, when sufficiently successful results had been attained to predict 
With some measure of certainty that the use of road-grading plant would 
go a long ■way towards solving our road problem, and further, o^ving to the 
reduction of cost of maintenance we could look fonvard to seeing progress 
maintained at a very rapid rate. Within the space of two years, nearly 
2,400 miles of earth road will have been jpproved, and if this progress can 
be maintained it is not difficult to visualize the extent of the benefits which 
vill accrue nithia a very short time.” Mr. Slitchcll saw some of these 
roads after two years, and I think he can vouch for the benefit derived from 
the use of these machines. 

“Now another important point is about the maintenance of plant. To 
ensure that plant was properly handled, the supervising and operating staff 
of District Boards were properly trained before assuming control, and to 
safeguard District Board's interests the suppliers of new machinery were 
expected to run the plant for six months with their own staff, the District 
Beards paying actual running expenses, and if the plant pioved satisfactory 

* rnffr No. 13 “ trad at the Punjab Engineering Congre«3. 
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District Boards were expected to purchase it From the point of view of 
the suppliers these conditions appeared somenliat drastic and were by no 
means popular. But it- was felt that unless District Bngineers and their 
staff were properly trained and an adequate supplj of spares maintainedi 
the machinery would soon be out of commission Also during the pro- 
bationarj' period of six luontbs the Di’stiict Engineers and supervising staff 
were trained to operate the plant with then own liands A daily log was 
maintained for each outfit sbowinc fuel consumption, other stores, and 
amount of work done Tins enabled the Engineer Oflicer on the Com- 
munications Board to keep in close touch with the performance of each 
machine. In addition frequent inspections were made by Assistant 
Engineers and the Mechanical officers of the Communications Board, as 
well as by the Engineers and mechanicians of the suppliers By these 
means those m local control were kept up to the mark and serious break- 
downs were reduced to a, mininnim ” The Assistant Engineers were 
specially trained for the job I deputed three of fhem to spend a week in 
the workshops of one of the suppliers to put a tractor logetber with their 
own bands, and they wore also trained to operate these machines with their 
own hands. So they knew something about their job, and that is how we 
kept these maclunos coing. I understand that since that control was 
reinoNed, things have died a natural death. 

Diu'cn Bahadur N iV. Ayyangar: ilr. Chairman and Gentlemen, we 
ought to be very grateful to the authors of the papers for introducing this 
important subject. Wo have already got the main communications 
developed in India, and the next great move required is the development 
of rural roads. The number of miles required for this purpose may be 
roughly calculated I think at not less than three million miles. You will 
see therefore that it is a colossal work which cannot be undertaken except 
with the aid of modem load-making mnehinory. The difficulty which arises 
in connection with this road-malnng machinery lies in the organization, as 
pointed out by various speakers previously. Village roads aie in the chaige 
of local bodies or village organizations like Panchayets, Unions, etc. So 
llic«e people are not in o position to employ an establishment competent to 
deal with mechanical appliances. At the same time there are firms in the 
important cities who deal in thi<« machinery but who ore not in close touch 
with these various local bodies in rural areas, and so difficulties arise at 
both ends through this non-contact. As o result we have instances of 
failure as described by Mr. Sfacfarlane. I do not think that the use of 
these m.Tchines could have been mode in more favourable circumstances 
Ulan those described by Mr. Stubbs, yet even there they have not been 
successful. I think one remedy wxiuld be this. "We have got these firms 
m the Presidency Tow-ns and wo have got a large number of graduates 
trained in mecJianical and electrical and civil engineering in our own 
Colleges who have got no jobs and no capital- So what I would sugeest is 
that the firms dealing in this machinery should encourage these people and 
help (hem to form private companies on business lines and give them 
machinery, the cost of ^\hich might be recovered in small instalments on 
‘he biro purchase system. If this is done I think we will create a new 
agency for furthering the use of these machine'!, whose living will d'-pend 
'*pon maintaining these machines in efficient condition There are 
thousands of miles of village roads to he made and maintained and such 
mtcnaicdiato agencies would be beneficial to suppliers and rural bodies 
alike. I therefore suggest tins may be considered by the firms and various 
bodL's coucemed. 



Tlio next point on which I wish to speak is us to the composition of tlie 
Tnutci-iftl for mnlcins these earth roncls. In this connection a mimbi.r of 
points lui^e been referred to in this paper. I agree with most of them, but 
cUsagiee with a few. I cntiiely agree ^Mth whnt Colonel Wakely sa\s at 
the end of j)arn. 7 of his papers that "in any road scheme it is a questioD 
of rendering the greatest service to tlie greatest number of people at the 
least cost, and it is suggested that it is more important for the good of the 
country genoiaUy to develop these suhsUliary feeder roads in a proper 
•manner than to spend large sums on ambitious and luxurious nraiu road 
schemes". Tlnm in para. 10 Colonel Wakely says, "On a wide road, trafSe 
distributes itself and uses the W'hole width and the evil of tracking is 
largely eliminated." I doubt that very much, because, whatever the width 
'of the road, there is a tendency for bullock carts or motor -vehicles to 
follow just the centre of the road. In Southern India you always find miles 
and miles of wheel tracking formed on macadam roads, and I do not think 
it differs much in Northern India 


Then in para. i*3 he says, "For instance, a road soil that is 95 per cent, 
sand will not cohere, and a clay that does not possess the property of 
cohesion is useless ns a road material and will do nothing but make dust" 


\yA\, 1 do agree with that, but 1 do not think that a material which does 
not possess cbhesive properties can be called clay at all It must come 
under sand. Then m para. 26 the best proportions ore said to be, sand 70 
to S5 per cent, silt 10 to 20 per cent, clay 5 to 10 per cent. There are 
various kinds of soil, and of which there are two extremes. One is the 


typical black cotton soil ot the Bombay Presidency, hladras and Central 
India Tiiis Irocomes very slushy m the rams but remains very firm in the 


dry season. At the other extreme you have the extremely sandy soil of the 
Indo-Gongctic plain and Smd and the deltaic areas of the Madras Presi* 
drney and pints of Northern Gujerat. This remains hard when wel 
in the rainy season but m the dry season it powders because it has a very 
email clay eoutont. Therefore the problem is to get an intermediate com* 
position of the conect consistency. What is that proportion? I have seen 
teituin places iu Jfysore aud exainmed the soils and gravels which make 
very good roads, and in those cases the piopoition is one-third clay and two- 
thirds sand or pebble or shingle material. If these two are mixed in that 
]UoportIoii I tliink it mokes the nll-we.ither road required for our purpose, 
tlint is, a good cheap earth road. The problem really is to got that propor- 
tion nr every place because it varies from place to place. Now in the snme 
parr Colonel Wakely says, “It will usually be sufficient to consider silt 
and clay togcthei without separating them/’ I do not agree with that 
at all, bccnu«e silt does nol bind, vnd if there is an excess of silt von will 
either liavo a quagiuiio or r. mnsg of dust. In order to got the correct pro- 
portion which is, roughly, two of sand and one of clay, I cmplov a certain 
method which I will now describe to you. To ascertain the sand and silt 
content of any sample of soil roughly, put, say 10 cigarette tinfuls info a 
Inicket of water and after slirring it thoroughly with the water pour off 


the inuddy liquid, .^ter tlnce or four such wmshings whnt is left will be the 
Mind and sill content of the soil. Now mpn<!iirn mar,!,,.. * 1 .. 


.. p, ... „ . . measure tho residue with the same 

.t .r.oa™re. 8 Ims; tl.c percontn»o of grovol i, CO per cert. 

I n=e the formula ; lO^l-.W. for -ellins the pereentn-e of pravel 
or sand to he added to Ret the correct proportion (O, is tho pcrccnt^e of 
pnltv mnlcal ,,, the sod). I„ ,|„ quantilv of crillv 

material to he added ,s therefore 10O-l-5G = I0(>-I-5xC0=]0 per «nt. 
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VJhere tlie cluy content of tbe'eoil is less than 33J per cent, nnd clay 
has to be added to get the correct mixture the same formula ^^oukl be used 
but expressed as 1 5G — 100 for convenience 

Then in para. 27, in connection nith reconditioning an old road and 
as to the depth of treatment to be gi\en. it is smd "Normally 8 inches 
should be aimed at." I think that is ^eI\ sound depth to have. 

Mr. J. M. Fetters I shall saj a few uoids lelating to the maintenance 
of roads in India The earth roads of India uill be laigcK built by distiict 
and local boards uho on account ot then hunted resoiaucs can neither 
affo-d to purchase big plant nor to pa\ tho high cost of supervising. I 
think the question was raised yesieida\ that it was inther dithcult to use 
tractors and gradeis without highl> ti.iined personnel In n big country 
like India, district and local bo.irds aie widel\ separated fioin each other 
and the solution of tins question i? not foi the district and local hoaids to 
hire the highl\ trained j)ei<?onnel, maintained by the manufacturers and 
dealers, who will be able to uiidertak • the mechanical repairs .ind do the 
supervising, but this function ought to be performed by tlie agents If we 
lea%’e this to the district and local boaids and the small owner who can own 
probably only one or two mnehmos, then they cannot afford to spend the 
money to maintain them. Tins woik could be easily done by the dealers* 
and agents maintaining a luglily trained engineering staff We are all of 
us trying to tram our people They must be trained on the actual 
maclimes Tliat is going to take some time. 1 think pvaotically every 
dealer and munufactiirei is niaintaining adequate stocks m India a^d also 
engaging highly trained staff of engineers who will be available for hire. A 
word about the selection of plant It cannot be said that a grading plant 
consists of a particular miuiber of machines Actually, eacli road problem 
has got to be tackled on its own merits Every problem should be studied 
caretully before the plant is purch,'i:>ed. A plant which might work satis- 
fnetoiily in the Punjab might be a failure m Mysore and vice versa. Each 
particular iiistallution should be examined carefully by a person who has 
knowledge of grading, atiibihs.ition and so on before the plant is purchased. 
Many of our failures in India aie due to the fact that graders and tractors 
ha\e been looked upon as the be all and end all of earth roads. It is a 
question of the training of the personnel and the selection of plant and fhe 
use of that plant after it is purchased, which makes earth load building 
successful Theie are other machines besides tractors and gradeis, for the 
making of earth roads. We have scrapers, plainers, patiols, maintenance 
m.ichines of various descriptions and machines of varying size to suit each 
pariicnlnr requirement and the thing that 1 want to say and which is 
exlrt-inely important is ‘Be careful about tbe selection of plant’. 

•Vr. D. Dautcl: Wc are greatly indebted to Lt.»Col. Wakcly .ind Mr. 
Bre.idon for their very useful and piactieal papers on the subject of earth 
roads We hu\e a few grader outfit^ m the Madras Presidency. Tlie cost 
of 1 i.iking one imle worked out from Its. 200 to Its. 320 and the subsequent 
maintenance Rs 50 Tins was more or less the same as tbe cost with 
manual labour. On good soils tbe outturn may be a little mere. 
l.i''iifonant-Colonel Wnkely has estimated the efficiency ratio for gradHr 
work to be r50 to twice that hv manual labour. Mr. Breadon in imm. 0 
of hi<i paper has stated that the cost of making an earth road can be 
reduced from Its 1.500 to Rs. CO. Probablv no allowance for depreciolicn 
or int<refit is made. In any ca#'* I should think tlii'. great di-paritv re- 
quires some more Investigation. As i^-gards soils, Mr, Breadon says there 
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vrliich lio showed U3 nil the works he had done illustrating everything In a 
clear manner nt a very great sacrifice of tunc and cnergj. 

Chamnan : Unfortunately Colonel Wakely has had to leave and ho 
will not therefore bo here to reply m person to the criticisms and sugges- 
tions made on his paper. They will however appear in the proceedings. 
I should like to express iny peisonal thanks and tho thanks of tho dele, 
gates from Assam to Colonel Wakely for his most interesting papers and 
in particular for tho perfectly fascinating tour he gave us m the North- 
West Frontier Province (Hear, hear). 

Before 1 ask Mr. Breadon to rojily to the discussion on his paper, 
perhaps jou will allow xnc to say a word or two about the use ot road 
maclunes in Assam. Wc m Assam claim to bo pioneers in tins method 
of treating kucha roods as we cull them. Wc have been doing it for many 
years and the first road inachmc which 1 think ever came to India was 
purchased by myself. It was a self-propelled contration. The machine 
was largo and powerful and it demonstrated quite definitely and at once 
that Eueh treatment of earth toads would bo practically revolutionary. 
It also showed straight away that it was totally unsuited to our conditions. 
Nearly all our roads are on einboukinents with very narrow crests, inter- 
rupted e\ery mile or two by timber or bamboo bridges and over the 
major rivers by ferries. We must therefore have machines that we can 
get across those bridges and femes. Wc find that tho self-propelled 
follicle is useless and wo have concentrated on tractors. Wo made very 
extensive trials with various kinds of tractors. It is obvious of course 
that it Is more economical and handier in the long run to have tho whole 
fl'-ot of one make. We tried Bates, I’ordsons, Cletracs and several other 
makes. We liave now got an entire licet of caterpillar 25 which wo have 
found 60 far the best suited to our requirements. I regret to say that 
we lia\e up till now been unable to get a British tractor of tho type 
Wo want. Between ourselves, I think this is perfectly disgrace* 
^l. When I was at home fast year, I was asked by a firm in 
England to see a machine which they were developing for agricultural 
puriioses at home. It seemed admirably suited to our requirements. It 
was a Diesel engine and of about 50 horso power and was too l.argo and 
too heavy. Wo want something about 25 h. p. The attraction of this 
tractor to mo was its typo of track wliicU had no track pins and no track- 
pin bushes, w’hicli are the banc of our existence in Assam. The track 
lias hard rubber lock joints and it is claimed that those can be changi d 
m half an hour without removing tho track from the machine. I under- 
stand lliat such a track has not yet boon properly tried out, but some- 
thing of that nature is clearly what wc arc on the look-out for in Assam 
O' this question of track-pin and track-pin bushes is a very acute on*'. 
^10 conditions under which wc work in Ass.im arc in'no way comparable 
0 what wo saw in tho Punjab. Our machines have as a rule to work in 
mud or very damp road soils. 

In regard to what wo term a road unit, I notice that in Mr, Breadon's 
maeram nt the end of his p.apcr, he has pot no le'ss th'’n four tractors 
m Ins road unit. If he will allow me to «a\ so this is most extravagant. 
We have wurked with one and make that tractor pul! not only a planer, 
but a ro’lcr ns well We find the pinner pets vou there quick'.r than 
the grnder, for onlinnry potiol or muntenance work. In the wet wcatli'='r 
we i]«,i drags. With regard to the last machine of his, (he roller. In 



Anitrlca, 1 undvrstanil, whtre they use ibcso rofld-inftchinea very eit'.a* 
sivelj, they iicvcT rollcrfi. It js no gootl our ccrnping up tli'' soil cf 
a u>a(l if it IS going to Im>c n glioufT of rain in tuo or throe hours afttr* 
unrtls and become n mornss; therefore we have to consolidato tho loosened 
soil at onto. Our trouble uns to get n toller inndc in such a vay that 
it uouhl tube the eninbor of the road >fr. lircadon has produced a tnph* 
Tolk-r, it is tnojcly three ordinary ballast rollers mounted in a sfcol fnrae 
and lump in spring a^cID boxes which permit them to follow the ctunh'.t 
and uneveMnep<ifs of the surface If it is of any interest to any of the 
States or Provinces here represented, I W’ill bo very glad if tliey will ^^■lte 
to us and we will let them have plans of the arrangements. It is an 
excellent machine and one of its attractions is that it docs not have to hs 
reversed but can be voiced from either end, At a diflBcult river crosimj. 
the rollers can be taken over individually 

>>o\Y with reguid to L05>ts, 1 nmy »>u\ ul once that we aie very ublumrt'l 
that we m Abfc.im lui\e not produced a paper. But our condiLionb aie so 
peculiar to ourselvtb tljut we ntre \try dillideiit about it and doubted if 
jt would lia\e been of inui.h uiten-bt lo the itbi of India; chniuiic i.uiiJi- 
iious in Absaiu may be similar to parts of .Madras or Eastern Bengal but 
they arc not comparable %Mth those lu the Punjab or K--W. 1’. Province 
or this purl of the world But with regard to costs, wo have kept very 
eUiboratc leiurus of alt the movements ot our machines. It is l!Owe\>.r 
wry dillicult to urrne at a figure for the cost mnintcnonco per mile. 
Tlitre are no two miles tho same. In many cases our road tram lias to 
proceed several miles before it gets to work at nil. You may have one 
mile of road which only needs one trip oier it or you may come up ngninst 
a mile of road wjiicli takes a machine a wliolc day to treat. There is 
therefoic a great difTcreiice between the cost of tho milo treated and 
the co-'t of the mde tr.iveJled, Wo have, however, devised a new return 
fiom till* Ibt o{ last \pnl iii winch v.c hope to produce the cost of a mil© 
treat'' 1, and therefuro by tho end of this year we ought to be in a position 
\n gitc %ou (juito dtfmite figures as to the cost of n mile treated. I think 
it wa-, Mr. Urcbmr vesterday, who cast doubts on tho cost of their use 
in iimttcrb of superM*.ioj» Our difliculty la\ in getting proper drivers and 
VM* Jiri- \eri much indebted t© the entcrpillnr jieojilc for nil the hi lji and 
instructions tluy gave. Aftir wc hail o\erconiP lo some extint the qu. stion 
III drisi-rb and crews, sm> found tliat the triatmcnt of roads by these 
m,ichinf'«. does reduce soperMsion to-<t' Bs these innchines we arc able 
to tn lit longer sections and tlierebs to roduco the numbi'r of bictional 
ofiKirs und this overhend charge is one of a cry considerable importance. 
To Ml.' mind tlnri* i-. no doubt whatever that the use of tlicsp machines 
on rfuls not mil.' ridiicfs the cost of mnintfiinncc but nko the cost cf 
fujur'i-ion. Witli regard lo another of ^^r. Brebnor’s points tliat you 
eliiiiiiiale any cliimeo of piishii.g an\ roNponsilnlily on t'> tlie contract >r<, 
will, w,. Im^f not got any. There is no such thing ns contractors in 
As‘--itn In the orduiar.' sense. We hn\e got jieoplc who call tluni'clves 
r 'titraclor-. but the.' r.-alh are Inlxiur c.itclwrs. There can bn no question 
<.{ j'Ushhig uuv rvsj'ousvhdity on to tVm. One thing I forgot to mention 
fibmit tliA call i pillar tractor mid the jilaner unit is that it reduced the unit 
< r-w. Oil mir (ateri.jllnr tractors the driver sits on one side of the machine 
nfd frnin lint poi li ei,, drive liis tractor and control the phmer blades 
at tV- s.irfi" tifiM'. Instead of having one or two men on a grader and 
n dr.'-r ou th- Tractor you Imve one. If anybody would like (o see put 



figures of cost and will mite to us in Sliillong. wo uill be onlv too gi.id to 
let him have copies of them or nny other mforinntiou. Again I exj'rojs 
our regret that we have not pioduced a paper. I will now ask Mr BreaJoti 
ti« reply to his paper (Loud Applause ) 

Mr G. TT D. Breadon (thr Author of Ptiprr A'o. 3) • As regards tlie cost 
of grading I can sa\ that the ticures qiioteil In mo iii m\ paper arc ijuito 
correct Tlie\ were taken from cost sheets I might add that from 
April to the end of Xovember 1034 the averaire co«t is Bs 37 per aiile- 
of road for development and Rc 35 8 per mile for maintenance 

The rate mentioned m the paper for constructing, or to be more accu- 
rate. for reforming old roads, does not include jungle cutting, lemoving 
root'! of trees and the like, but merely the cost of grader work. 

2. The reasons why road grading has not advanced in the rnnj.ib, in 
my opinion, are — 

(а) The lack of push by the Commiimcations Board Mr. Stubbs 

was the only Secretni\ of that Board, who took ft live interest 
m the woik and uho used his mllucnee in getting district 
boaids to resort to grading 

(б) The disiDcliuotiou of most distiict boards to depart from Urn 

eoutract s^stem of working. I do not wish to give the 
reasons 

(e) The obstructive, nud I should say, the destructive tactics of 
Board Secretaiios 

(d) The inexperience of many district Engineers. 

3 It is quite true that ditVicultv and delay in obtaining spare parts 
ha^e had a lot to do with the dislocation of work. I myself expeiionct-J 
•much anuojauce and I iiaAo proposed » remedy m paragraph 10 of my 
paper. I'ormerly Volknrts did maintain a large spare parts department in 
Lahore, but they incurred >ery heavy losses and had to transfer all tlioir 
stuff to Bombay. When more Boaids take up grading I feel cirtam th.it 
business firms will provide good service. 

4. The chief difficulty that n district engineer has to contend with is 
referred to in the concluding portion of paragraph 22. In the absence of 
suitable accounts rules, a troublesome secretary can oce.asfon m-^re nnnow 
once and delay in the repairing of machinery and the settlement of 
nceounfs than the delay in obtaining spare parts When the official 
Chairman is an experienced Dopntv Commissioner things go smoothly in 
a District Board — not otherwise. 

5. Grading js a work that must be done departmenfally. the grading 
st.'iff working directly under the orders of the district Engineer It is ft 
Work that no contractor can do. 

* 3 I c.an express no views on the soiN of Madras, ner c.an T suggest 

any snecial mefbrKi of f-mdlnc road* 5n TVoTince. 


lOG 

PAPEHS XOS 2. 5(a). 5(b) AND C. 

Mr. D. Mncfarlnnc, Chief Engineer, P. \V. D., Punjab, in the Chair. 

C/in«rr»aH: 6entlemen, I think that the best orrangement for dcalicg 
•with these four papers is that wliicli we followed with regard to the last 
two, that is to say that as these four papers nil deal more or less with the 
same subject, we vill ask their Qutliors Mr. Hunter, Mr. Stubbs and 
Mr. .\dami to introduce their papers: Mr. Trevor-Joncs is not here, but 
Air- Stubbs wiW say uhnt he has to sav about this paper olso, after which 
we will linvo a general discussion. So I now call on Mr. Hunter to 
introduce his paper if he has any remarks to make. 

The following paper was then submitted for discussion:*— 
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V {paper No. 2.) 

The trexd of development in the Ukited Phovinces in the iutter of 

IMPROVING 1{0\D SURFACES WITH SPECIAL REFERENCE TO RECENT EXPERI- 
MENTS. 

By C. F. Hunter, M. i»st. C C., A.il l.E (India) Executive Engineer, 
United Provinces. 

Before about 1923 little ^as done in the United Provinces in the matter 
of treating road surfaces, either ivith a view to rendering them compara- 
tively dustless or to increasing their resistance to wear. About that time 
nonever the Local Government found that under mcreasing tra^c, roads 
were deteriorating and the cost of maintenance rapidly going up. Most 
of highways m the United Provinces are very old and the foundation, 
judged by modem standards, inadequate inches of large sized hanlar 
IS, in many cases, all that has been employed. Up to about 30 years ago 
the traffic consisted almost solely of slowly moving bullock carts and the 
hght Ekha Money was fairly plentiful and a 4^ inch renewal coat of 
lankar metal was applied to a mile of road as soon ag the surface began 
to show signs of deteiioration. The result of this was a gradual building 
up of tbs road crust so that 12 to 13 inches of metal was not uncommonly 
measured This was sufficient for all requirements up to that time but 
with the advent of the motor car, conditions changed The soft calcareous 
kankar which ig the only material available generally m thig part of 
India IS ill suited to resist the wear caused by the passage of fast motor 
vehicles and the lives of miles began to shorten to on alarming extent. 

2. It wag contended that if the roads were reconstructed, so as to have 
an adequate foundation, they would be better able to resist the traffic 
and so m the long run cost less to maintain ^Vltll this idea m view, 
schemes were prepared for digging up the existing roads entirely and 
reconstructing them with massive foundations. This was actually done m 
a few places but it was soon realized that the complete lenewal of all 
the old metal was only so much money thrown away and that there must 
ue a certain minimum thickness of crust that would be sufficient foundation 
in itself to support an improved type of wearing surface Mr Annette, 
the Hoad Encineer of the Bombay Improvement Trust, who had many 
years of experience on bituminous reads both in England and m India, 
expressed the opinion that 9 inches of an old stone or kankar road was 
ample foundation on which to place n bituminous wearing surface. Fur- 
ther, there was no absolute proof that lack of foundation was the cause 
O’ the break up of the heavy trafficked miles. It may have been due 
simply to the inability of water bound macadam to stand up to bullock 
oart traffic phis an increasing proportion of fast motor traffic. This theory 
w-as supported by the fact that roanv of the miles that showed signs of 
rapidly breaking up nctuallv had a crust on them of more than 12 inches. 

3 In the extensive scheme of road construction carried out in this 
province Uetw een 192.') and 1931 the existing crust was made use of ns far ns 
possible, being thickened where necessarv. before the bituminous surface 
^ Was applied As regards the bitumen to be employed Government bad 
little previous experience ns the work that bad been done up to that time 
w’a? almost negligible. There wrns apparently little lo choose between th. 
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Jlesidual and the Natural asphalts. Large quantities of Trinidad Asplialt 
had been used sntisfactoniy bj' the Bombay Iinjirovement Trust but against 
thi« “Spramcx" and “Mexphalt” were well known in England. la 
America, too, it was understood that the quantity of petroleum asph.iU 
used was mnn% times that of the natural asphalt. In the matter of the 
actual tientment, (ioveinment tvoie no better ofT. For this reason the ro 
construction programme from 1025 onwards included Premixed Asphaltic 
concrete; Premixed AsplinUic Macadam; Giout, and surface painting 

4. Here, perhaps a word should be said about tar. As far back a> 
1024, a jiortion ol one of the ino^t nupoit.int thoroughfare., in Lucknn" 
(The Mall) was tarred o\cr hunlar. It was again tarred in 1925, 1027 
1929 aud 19J3. The road ia veij- wide (30 to 50 feet) and the tistfic 
is light, for bullock carts arc not allowed. The census shows 86 tons p‘-r 
foot w idth per 24 hours, mostly motor cars Under these conditions and 
with stone gnt oniplo\cd on the surface, the road has been easily ma’n- 
tained in excellent condition Unfoitunateh . under he, ivy cart train.' 
in othei' places, a similai suiface has failed to last and has required- 
constant attention in order to keep it in good order It must be lem-m- 
beud that at that lime the necessity for a regular application of tar m 
Older to keep the surface from becoming deal was not understood. It is 
further probable that the tar a\ailable wa« not of the quality and os 
suitable ns that available toda\ Bitum-m. nhere it bad been tried li’d 
not exhibited anything like the same tendency to break up nor did it 
require the same constant attention Tho result was that tar w.is con«i' 
derod to be inferior for surface painting wotk 

6. To return to tbe Bitumcu for a while borne of the eaihest work, 
was done with natural asphalt but untoitunately it soon appeared that 
this had an unfortunate blioriconung 1 leler to the m wh ch- 

it softens under heat and the excellent lubucnnt that it then forms 
between the paiticles of aggregate. In asphaltic coiicr<.ta work the surface 
giaduallj became exeeedmglj lumpy so that passing over it at any speed 
was most uncomfortable. In Grouted woik. lor the same lea^on, it woiked 
up into ruts where it was subject to hea%-y concentnited bu.lock cait 
tiaffic. It was at first thought that tins last defect was due to some 
weakness of the sub-grade but on cutting a section out of a defective road 
it was at once apparent (hat the trouble was the actual displacement of 
the asphaltic concrete crust. The same defects showed m painted surfaces, 
in the hot weather. They bled badlv for the fust year or two and lequired 
constant gritting which led to the formation of'a lumpv surface. Tlie 
compaiative freedom of the residual bituiuens fiom this trouble praduallv 
led to natural asphalt falling into disfavour thus leaving the former a's 
the most favoured preparations. Indeed, so well have thev behaved on 
the whole that it will be found that the majoritv of cur enV-neer officers 
prefer to work wdth either “Spiamex” or "Socconv Aspiialtum’* •'or 
surface painting. 


6 Grouting work with petroleum bitumen has in some places shown 
the tendency to rut as residual, but there are some verv successful 
of IW. con.tnjcticn in existence Mnding that on „ 

Grand Trunk Itoad and ran 7 .ng the traffic in and out of Delhi. A ,n^„ter 
teat yea could not rrish for hut the defect did not appear. AparTfrom 
tins, however, the tat.rfaetorv behuvronr of the painfeFsmface corfinn” 
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matter of Bs. 1-4 to Bs 1-8 per square yard compared with grout at 
Bs. 3-1 led to the adoption of surface treatment with the residual bitu- 
mens in practically all cases where the expense of concrete was not 
n-arranted. Emulsions of these materials have been tried but they have 
not been found to be economical as they do not give the same wear. 

7. After the reconstruction programme referred to above had been 
practically completed and some experience had been gained as to the pro- 
bable cost of maintenance of the various surfaces, the Chief Engineer of the 
United Provinces was able to review the economics of the treatments. He 
calculated for various surfaces th© annual sum that would be required to pay 
ofl a loan equal to the cost of the wearing coat in equal instalments over a 
period of years equal to the life of the wearing coat at 6 per cent, interest 
and added to it the cost of petty repairs. This gave a basis for comparison 
and feuabled the minimum economic life for any form of treatment to be 
coifelated with the life of the original \^ator bound macadam. The table 
at the end of this paper (Appendix I) gives the result of his investigations 
and the follonms «ie the couclusions that, be was able to draw from 
them 

(a) Cement concrete — The 14 miles on which the calculations were 
based were originally water bound stone requiring 19 456 annas per sq. jd. 
for renewal on the average once m a jears and an annual expeaditiure on 
ordinary maintenance of 0 997 annas per sq jd. This gave a total annual 
cost of 5'491 annas per sq yd , therefore to be economic, the life of con 
Crete costing 02‘832 annas and assuming annual maintenance of 0*136 
annas per sq. yd., if wholly renewed, would have to be over 40 years. 
The life of the macadam replaced b\ concrete was actually nothing liha 
5 jaars. In some cas^s it was one "year and at the outside three jenrs 
or on the average 2 3 cars The fact that these miles were not renewed 
for o Tears means that the road was passable for 2 years and impassable 
for 3 \ears and it was for this very reason that concrete was tried A 
reference to the statement mil show that for a two year life and thres 
JC'Cr life of a water bound road, tln> economic life of concrete is twelve 
and eighteen years respectively Such a length of life is well mthin tlic 
bounds of possllJlllt^ , na «c>me concrete on tli« Kathgodam Nainital road 
has alread^ been down fifteen years. 

point to be remembered in this analysis is that jt is based on the 
assumption that the whole of the concrete nould have to be renewed at 
the end of twelve or eighteen years, but in nil probability this would not 
be the case, and it would only be necessary to lay a 3 inch coat or some 
other form of surfacing, in which case the required or economic I'fe could 
be considerabU less In thp absence of sufficient data, however, it is pre- 
ferable to assume that the whole thickness will have to he renewed. The 
conclusion is that for a waterbound road, the annual maintenance cost 
of which is over 6 annas per sq sd , it is more economic.il to u«e cement 
concrete. 

(b) pTc»iix — The calculation was based on 6 miles for which we ecti- 
mated that up should require average renewal at 10 692 annas p^’r sq yd. 
once in 4 years and vcarlv maintenance at 0 553 annas per sq yd . giving 
annual cost of o 322 anna’s pc'- sq vd To be economical, prcmix costing 
*3 ,13 annas per sq, jd would have to have a very long life Even f~r 
a three jear life of water bound, the life of premix. as'uming a i^seal every 

years at J'H.r annas and yearlv maintenance at O’llS ar.a«s per sq yd. 
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would Imvc to be 21 ye^rs to be economic. Tor o two ycflr life of wjt'.’r 
bound, it ^\onId lm\o to bo 12 ycfirs. It j<s out of qtie'itlon to put tbc Id' 
of piojiiix ftt 21 Tcnrs without renewitl wfii[<5t if the life of water bound 
macndam i? only 2 \enrs, it is doubtful whether promix would stand tbf 
tralVic and it would be preferable to far concrete at slightly higher cost. 

(c) Grant. T. Tt. /t. fl«d Mexphalt.^Tho calculations wore based ca 
12 miles of T. H. A. and 18 of ifcxpbalt. The rstimnled cost of renefi'al 
was 15M77 and 14‘979 annas per square yard once in 5 years with aaninl 
maintenance at 0'721 and ‘701 annas per sq. yd. respectively. The annual 
cost u-orked out to4‘20G and 4’22} annas per sq. yard respectively. To be 
economic the life of grout T. It, A. and Mexphnlt costing C2‘22S and 
4u'.')S2 annas per sq. yard for renewal and 140 and '100 annas persq. yard 
for maintonnneo respectively, would have to be excessive, but if the He 
of water bound is taken as four or three years the corresponding econonur 
life Mould have to be as follows* — 



Re«oft| c' 

i*ory fourj-onre. 

Re-eal every ttiree yenw. 

Water Bound. 

I T. R A. 

. I Mexphnlt 

' T. R. A. ; 

Mexphnlt. 


24 

20 

20 

24 

3 

U 

13 

IC 

1 14 

! 


From tJio above t.'ibJe it m*j}J be seen that tho longer tlie period betweer 
repaints, the shorter the necessary economic hfo It it; veiy doubtful 
whether grout Mill last over 20 years .and it rcmnins to be seen if i* 
lasts 10 years, and if it does, it mav be ■norkable substitute for macadam 
costing for maintenance betM-cen six and eight annas per sq vd 

(d) Panit . — Calculations were Morked out on (i) 8 miles mIucIi had 
received a second co.rt of paint and (ii) 11 miles of painted road befneea 
Agra and JIainpuri. In the former case the cost of resurfacing, yeailj 
maintenance and average life mus estimated at 17'923 annas per sq. jd ; 
0 831 annas .nnd G ye-ars. This resulted in an annual co^t of 4*3G3 
annas per square vard. The actual cost of water bound macadam 
M’orked out to 20-523. first co.at of paint to S'oOo and the second coat 
to 4 76.1 annas per sq. yd. Here ag.iin the question of the period of 
repaint has to be taken into consideration; the actual average M-orked out 
for the period betMcen Ut and 2nd coats came to 2t years, but there 
More many instances niiere the paint has been doM*n 3 rears M-ithoiit 
n second coat, therefore it seemed safe to fix the period between 1st 
ni-d 2nd coats ns 2 years and between 2nd and 3rd or subsequent coats 
as 3 vears. in which c.sse the economic life M-oiild have to ho somewhere 
hefM-cen I4 and 17 years, whilst if th^ period betu-eon 1st and '’nd 
subsequent co-its nf paint w.as taken as 3 rears, the economic life would 
hare to bp snmeM-bere between 15 and 18 years, compared M'tli 0 rear 
life of M.ater bound A poiof to note however was fho cosf of water bound 
resurfacing which had gone from 17-028 to 2n*5.'13. and jf the latter flnirc 
was taken in calculating the annual cost of water bound « i.t.TP(ir 
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life of the pninted mile n'ould have been definitely economical, and 
there was no reason why painted miles under moderate to light traffic- 
should not last this period. In the second case oUr estimate of lequire- 
inents allows 14 321 for renewals 0 747 for pettj repairs and an a\erage 
life 4 years. The actual cost of resurfacing worked out to Jr;-524, 
coat paint to 7*729 and second coat to 4’102 annas per square yard; 
and allowing u period of 2 years between the first and second coats' and 
3 years between second and subsequent coats, the economic life could 
be as low as 11 y^rs 

Summing up the results as fai as information was available at that 
time, it appeared that- — 

(a) When the life of n water bound road was only two or three 
years and the annual maintenance over 8 annas per sq yd. 
it was economical to lay concrete. 

{h) When the life of a water bound road was three to four years 
and the annual charge between C to 8 annas per sq, yd. it 
might be economical to lay bitumen grout. 

(c) When the life of a water bound road was 5 to 0 years and the 
annual cost between 4 and C annas per sq yard it would 
be economical to paint tbe miles. 

8. During the period that I ba\e leferrcd to above we bad uo reliable 
letums of traffic to enable us to form a correct estimate of the load per 
foot width that surfaces were being called upon to carry and there is no 
doubt that in some cases they were called upon to stand more than they 
Were capable of 

Since 1932 we have been takmg a regular census at all important 
points on our communications and it has been possible to gam some idea 
a* to what a painted surface executed uith the good matenals is eapabib 
.of standing. We have a few miles standing 150 tons of bullock carts 
per foot of width per 24 hours Other traffic is neglected as not appre- 
ciable effecting the wear. The miles in question are mostly “Sprainex” 
either alone or in conjunction with other .materials. The abo\e figuios 
arp no doubt exceptional. From my personal experience I should fix 
60 tons per fof/t width per 24 hours as the limit that can safelj be earned 
by this form of surface, particularly where bullock carts fitted with narrow 
•’‘asra ^yres are empfojed. li has been cafeufafed that the foad under the 
narrow iron tyres of a bullock cart loaded with bricks may be as much 
as 8 tons per Imear inch and this combined uith the twisting action on 
the wheels, due to the manner in which these carts progress, gi\efe a set 
of conditions that it is very bard for a road surface to «:tond up to for 
any length of time. In this connection it must be remarked that when 
lo.ided bullock carts use one side of the ro.nd only ns m p'lts/nc from 
brick kilns to a toim, this fact must be allowed for in ca’cul.ating the 
intensity. 

It is difficult to pee how the gradual dc\elopment of brittleness in tar 
IP to be combated It has been stated that in .\merica the us.' of tar is 
dyin? out for this very reason. It has been suggested th.at pron'ded Ih" 
tflr kept from contact with the air, the proces.? should not ’iiVre jd ’ce 
that an application of bitumen over a tarred surface should hare Ih^ 
effect of sc.aling it in such « manner as to make it imjvi«sTjle. It 1= 
certainly true that in certain places where bitumen has been .•’pplied or^r 

n 2 



if.r, fis two coat ^\ork, in the past, defects that might be attributable to 
tile hnidening of the t«r have not de\elope(l and the roadg liave stood 
K'maiknbly This, however, is not conclusive for subsequent work, 

ranied out to the stime specification — Experiment (/*) (i) — -hag not shown 
tile same dticju-o of success. 

0. With the assistance of the tJovecnmeait of India the following 
e.xpeiiineutnl work with tor has been carried out in the Lucknow* nnd 
Ciuvnpoie divisions, with the object of again trj'jng tar, cither by itself 
or in combination with bitumen, and of comparing its behaviour with that 
of woik cniried cut in the latter material onl^ In Lucknow various 

pic-mixod carpets lia\c* been tried under probably the worst conditions 
that aic to be found in the vicinity, for the road carries Intense hrick 
kiln trnlKc. Tins, according to our trnflic census is obout LM tons per foot 
width of travelling surface per 24 hours but ns the road is 10 feet wid2 
iieariv all the loaded caits use one side only If they all did this the 
figure of the inteusitj- would ?ise to about 220 tons per foot. It was 
reaUzod, before the wetk was started that the trafbe was probably too 
heavy for any thing but concrete and tlie representatives of (he Burma 
Shell Co did rot like the idea of putting their material dowm under such 
destnictivo conbtions It was bought, however, that as a test of relative 
durability, the evpenment shoi d bo of considerable value. 

Tile iollowinj; 15, n description of the \anou5 exiicnments:— . 

inch picmired macadmi' carpets u'lth both good stone anti good 
kaiikfir oil fliv iiypnijafc and unlh both .\’o 1 and A'o. 2 ShnVt/tar 7ar. In 
small leiiijlhs 0 filler of 25 per cent, of <oal dust teas also added —All this 
Work was laid to a bpccilicatiou that Lad been used in the Punjab but none 
of it was a success TIio smface began to (U^integrato practicallj’ as soon 
Ua the work was timsiied. Indeed m the case of work done With is’o. 1 and 
tliiniicr tar, the disintegration was so rapid that no ottompt was made 
to seal tlio ‘Uirfncc or to 8.ave it m any way It was dug up and water 
hound put down m its place It may bo mentioned that it was not 
<-b8ci\cd that the presence of the coal dust filler made the slightest 
diftcrcnce, The specification to which this was carried out included tlic 
faying of the premixed material on the loose recambered surface of the 
old toad and also the use of copious water during consolidation. It is 
believed tliat both these provisions mitigate the chance of a properly 
concolidatecl carpet being obtained. In the first place mud and fine 
material woik up from the bottom and soil the tarred surfaces of the 
itggregate in such a manner as to prevent proper cohosion. In the 
second, the u<!e of water ajipears to have a detrimental effect upon the 
tar. The former conclusion is supported by the fact that in ji short lencrth 
where the old surface w’ns consohdated by mistake the result appeared 
to be better; the latter 19 supported by the fact, that, on digging up a 
defective portion of the carpet subsequently, the isubgrade showed 
distinct traces of what appeared to be oil. 

(b) A 2\ inch carpet of stone mixed u-if?i Ko. 2 far to a spcci/iefllion 
ruppUed by the S/ia?/)iiar Company — ^Thg stone used in this case w-as 
2 inch Gnei=s in the under coat and i inch tn 14 inches of thf. same 
material in the top coat. It may be mentioned that this variety of stone 
was used in the subsequent experiments. The tar w-ns No, 2'shalimar. 
24 lbs. being used per cubic foot of the coarse material and 3 lbs, in the 
case of fine. After mixing, whicli was done in a simple form of rotary 
hand mixer, the material was matured in bulk for 10 days though tlw 
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company subsequontjy (and too late) asked that it be laid hoi Aftei 
maturing it was laid and rolled in the usual manner. The original instruc- 
tions as to sealing this were tJiat it should be done after tno mouths 
but signs of the surface becoming loose became appaient and, at the 
Suggestion of the Executive Engineer, the seal Mas applied after 3 
weeks onlj. This seal was formed by applying ‘20 gallons of Xo. 2 tar 
per square yard and gritting with J cubic foot of J inch to 5/8 inch 
chips. After sealing, the surface appeared to harden satisfactorily but 
at the time of MTiting (5 months after completion) signs of breaking up 
are appearing end it is doubtful whether the road will last another six 
months 

(c) A ifi inch Shclmacadani carpet to the specification of the Burma 
Shell Co — Here the under coat was of to 2 mch metal. The bitumen 
mixture was composed of 2 drums of “shelmac" to 4 of “Mexphalt" 
and the material was laid hot straight from the machine mixer, 10 lbs. 
of bitumen being used to coat 3 75 cubic {~et of ballast. The seal coat 
was laid immediately | inch to J inch chips being employed with 32 lbs. 
of bitumen mixture to each 3 75 cubic feet of stone. Tlie composition 
of the mixture was the same ns above The behaviour of the _ carpet 
showed that the Company’s misgivings were well founded for signg of 
disintegration appeared six weeks alter the woik was completed and 
at the present time the process is complete 

(d) A 3 inch carpet of “shelcrcU" to the specification of Ihc Burma 
Co.— -In tlus treatment no seal was employed but on effort was 

toade to obtain as compact a mass as possible by filling the voids of th© 
large aggregate with coarse sand which was obtained from Badausa. 
Two cubic feet of coarse aggregate were used to one of fine, and with 
each batch of 8 cubic feet was mixed 15 to 1C lbs of a bitumen mixture 
composed of 1 drum of "shelmac" and two drums of "Mexphult" (20/30 
penetration). A machine mner was employed and ns advised by the firm, 
the coarse aggregate was coated first with a portion of the bitumen after 
which the fine aggregate and the balnnce of the bitumen were added 
The mixture was laid direct from the mixer as before and after completion 
the surface presented a very compact appearance. At the present time 
there are no signs of disintegration though the work has been down 1 
months. 

(e) inches of "ShelshecV’ to the specification of the Burma Shell 
Compamj — ^This specification was put forward by the company as a 
substitute for cheap kankar surface and not as being capable of etand- 
mg very heavy traffic. It was accordingly not tried next to the surface 
T*^^loufily mentioned but where the road wa«! subject to rornpaTativeiy 
I'gbt trntfic and beyond the limit of the brick kilns. The situation is 
^pwsentative of hundreds of miles of main roads to be found in the 
United^ Provineefi. The actual intensity of traffic i5_ only 40 tons per 
‘Oct width of travelling surface and such ns n tar painted surface wouIJ 
easily stand. 

The process aims at obtaining the most compact mixture of arc^- 
possible in this case, using the mo«t economical material? av.su- 
able, the following material wa? recommended and employed • 


} fneh to ) inch stone chips 

lUdaosj* snnd orevioasTj* mentioned . . • • 

Fine micaceous sand from the local itver (the Gurnti) 


2 cubic ff^t 
I cubic feet. 



■\Vith this WAS u'ed 20 lbs. of bitumen mixture (2 "ileiphalt” to 1 
'‘Shelmac") the same precautions being taken as in the case of the 
“Shelcrete” to ensure that all the aggregate was properly coated. Tte 
iraterial ■aas laid hot, the old kanlrar surface having been given a 
tackiii" coat of Fuel Oil and residual bitumen t‘ue day before. The 
length^laid was only about 100 feet os the monsoon set in rmd stopfe-l 
further work. The small amount of work done has probably mised f-- 
cost somewhat. The surface ’S standing excellently. At the time cf 
v\Titing it has been donm about four months. 

Tire cost of these carpets is given in Appendix 11. 

10. In Carrnpore the experiments were confined to surface painting 
■either n*itb tar alone or in combination with bitumen. In one of ttie inB^ 
one half «as treated with tar to p speciheation that had been used in the 
Punjab and the other half to a specification that had been recommended 
from Pesliawar In a second mile combinations of tar and bitumen ''er: 
tried, both In separate coats and together in cne co.it. A fhiru miJt was 
tarred using a filler of coal dast in various proportions in the second coat, 
as this combination is known to have been used successfully in France. 
Further, with a view to trying a cheap gritting material, cinders were 
used in some lengths so as to be able to compare with those gritted with the 
more usual stone chips In each case the stirface was first renewed by 
scarifying, vecambering and spreading a thin coat of new metal, 12,000 c.ft. 
was used for a mile of 12 foot road and 10,000 for a mile of 16 foot. This 
is a form of cheap renewal that has been advocated by the Punjab. 

11. The following is a description of the experiments in some detail:— 

(/) painting to Lahore and Peshawar specifieaiions . — ^The Lahore 
specific.ition for tamng allous onlv one fifth of a gallon per sq. yard of 
Tar Xo. 2 in the initial coat whilst the Peshawar allows three*tenths c£ 
Tar Xo. 1. It was found difficult to use the smaller quantity. As has 
been the experience m other parts of this province, the quantity of material 
that you use depends on the •deamng. Where a friable material 
has been us.ed for blinding m the water bound coat, the operation of clean* 
mg removes the same to r. considerable depth below the surface ot the 
metai and you cannot get on less than about one quarter of a gallon per 
sq. yard. In this case it was found to be impossible to get on less than 
0'26* gallon. Trouble was also experienced owing to the blinding material 
used having been kankar bain. It has been foimd elsewhere that the very 
fine dust resulting from the pulverizing of that material gives rise to trouble, 
not only at the time of pouring but also after the work has been finished. 
It prevents the proper adhesion of the tar to the stone. At one place in 
the Province where both kankar bajri and Delhi mooram were used in 
adjacent work the difference in b*»haviour was very marked. 

The Executive Engineer in charge ot the work also recommended that 
an interval of about an hour should be allowed to elapse between the pour- 
ing of the tar and the subsequent gritting as he was of the opinion that 
this would allow penetration of the former into the road and also bring 
about a general evening up of the thickness of the coat. The Traffic which 
this work has to stand is light, beifig only 37 tons per foot of width per 
24 hours. 

Both the experiments have worn satisfactorilv but the condition of the 
surface indicates that a second coat cf tar is now due (about 9 n.onths 
after the first). This is now being given The larger quantitv of No. 1 
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tar used in the Peshnuar specification ccitainh appears to give good 
penetration for an examination shoned that this had occurred to a depth of 
^ inch below the original depth to nhicli the surface had been cleaned 
It does not, however, make such a good wearing surface It lei laiii'; to be 
seen how the two experiments belia\e after the application of the second 
coat. 

(j) .d miiilirr of Jo per cent Vixphalt nf ‘Jdf.JO jieiictraticn t‘iu} So 
pcT cent, of .Vo 1 Tar — The application culls for no special comment 
0 33 gallons of the n ixture wen- used per s<j xard and 0’3 of a cubic foot 
of chips 

The mixing of tlu* Mexphalt gave l>ody to the Tar and the surface is 
wearing well though at the piesent time (about 9 months after completion) 
it is in need of a second coat The mi.\ture appeared to give a better wear- 
ing surface than was obtained bj the application of a similar quantity of 
tar Xo 1 only as described m experiment (f) It appears, therefore, that 
a suitable combination would be Tar Xo 1 in the first coat on account of 
its superior penetrating qualities and the above mixture in the second, on 
account of the superior wearing surf.icc that it appears to give. 

(h) An application of Bittniten over a coat of Tar.— The application of 
two separate coats m this manner lasted vcr\ well in Bareilly. Three 
different combinations were tried — 

(0 0 5 gallon of “Spramex" over O'S gallon of Xo 1 Tar, the 
application being made aft«n 24 hours. This w’as the Bareilly 
specification referred to above 

(ii) 0’25 gallon of “Sprame.x'’ over 0 2 gallon of tar with an interval 
of 10 days under traffic. 

(i70 0 2 gallon of “Shelmac" over 0'8 gallon of Xo. 1 Tar with a 
10 days interval. 

Each of the above operations consisted m the application of two 
separate coats m each coat the same quantity of gnt was used i.e., 0 3 
cubic foot per sq yard. 

Two months after completion It was noted that in all three cases the 
surface cracked, apparently due to the material on the surface hn\iDg 
hardened whilst the layer of tar underneath was still soft. There was also 
a tendency for patches to come clean oft taking part of the stone coat with 
them. The defects were less noticeable in (ii) where not only was less 
inaterial used but an interval allowed to elapse between the application of 
the two coats. In (hV) the defects were ver>’ marked indeed It seems 
certain that if work of this kind is to be done at all the tar coat must bo 
allowed to haiden to a desirable degree before the bitumen coat is applied 
though a smooth surface to the bottom layer should be avoided. 

The road is 16 feet wide and carries a traffic of 115 tons per foot width 
r^r 24 hours. 

At the present time the surface of Xos- (i) and (ii) is much better tlian 
50 ® Was led to expect from its early behaviour ns it has hardened up and 
is expected to last for another year or so. Xo (nf), in which the 
, Shelmac” was used, is breaking up. Tlie Ilxi^cutive Engineer in charge 
>s of opinion, however, that the treatment would he a succi'ss if a couple 

months were allowed to clnp«e between the nppHeation* so as to nro'd 
the presence of a hard bitumen suiface on a eonipamtixely «oft underlayer 
cf tar. 
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(/) Two coats of Tut, the first being of iar vfily (iiul the seconj of t-r 
xcitti (j filter of coat ihtsl in raiinua projioriions.- — A clitnply ronewcil ro4 
was opcicitecl on ns liofou* but in tln«i caso it was opened to tiaflic for si 
montlis bi'fore being treated in older to nllow tlie metal to btabilis'’. TU 
fust eo'it of Xo. 1 Tnr was nt tlie rate of O’li'J gallon per si]- 
0 2 c.ft. of grit. 'I’liis was idlowed to reiniiin under triinic for about a Jfsi’ 
when the bt-cond coal containing ilie filler wns iipphetl. Tlie bf.nio tir 
wn*! used, the nniomit of filler varying from 10 to 33 per cent. Furtli'r, 
in some eases cinders wimc used foi gutting instead of .stono chips ihe 
coal dust v ns passed through n It* bj 10 inesli screen and mi.ved with ths 
tar m the boiler {xiwei dincn ineclmnicnl niivor was employed ana 
it was observed that the coal dust tended to settle unless contiDiially 
agitated. 

The load on whieh this was tried was close to that of experiment (/). the 
trntVic being the same, ir, 37 tons ptr foot width of tiavelling surface. 

At the present time the work has been down about si.t montlis and d is 
not possible to deteet am difTerence between the portion in which stone 
clujis weic used for gritting and that in winch cinders were used. Cind'^rs 
at Its per liumlrcd cubic feet appe.ir to be standing ns well as stone 
chips at Its 3(1. The use of co.;l dust causes a distinct improvemoot lo 
the adhesiveness and viscosity of the tar It was found lo hold niorc 
grit tlmn the neat nuUenal 

The cost of these treatments is given m Appendix HI. 

12. rioiu lUo results of these espetiments it would appear that a*» f^r 
as carpets arc conceiuod and for sheer ability to stand up to intensive cart 
tr.ittic the most durable matenal of thcr«o tried is "Shelcrcte’*. Xc\t 
in order come’tbo ‘■Shalminr ’ tar carpet. "Slielmncadam”; and fniallr 
ordinary premi'ced macadam laid to the Punjab specification. Wlietber 
carpets will over be developed which will compare economically with 
conciote under bullock c.art traflic remains to bo scon. It certainly 
appeals that the most compact will be the most durablo and the cost of 
tile nggregato will then be much the some ns if a cement matrix was 
employed The diflerence in cost will bo small It remains to bo seen 
what latio the lives will bear to one .mother. 

For suifnco work it is a JittJe early to draw conclusions but Xo. J Tar 
appe.us to bo indicated m the initial coat on account of its superior 
penetrating properties. A second coat of 83 per cent, of tar No. 1 and 15- 
per cent, of “Mexplinlt” would appear to make a good combination. In 
any case the first coat should be allowed ample time to harden. On the 
question of the usp of coal dust ns « filler and of cinders as a gritting 
material it is a little early to express an opinion. Finally it must be 
remembered that some of this experimental work has not been through 
extreme lieat and cold combined with traffic. This is one of the greatest 
tests that can be applied to smfaces of the nature of those with W’bich this 
note deals 



Lives of various types of improved surface equivalent to tlioso of water bound mnoadam. 
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Aprcndix IT. 
Detail of cost. 


(Carpets.) 


Carpet*. 

CNv^t of 

tnaton »1 
in unrsia 

I^r 

\d 

(•O't of 

lajnn^ tn 
per 
aq. \it 

MbC'JlA- 

nex'n* 

1 harpe* 
in niitina 
jwr 

aq >d 

Total cast 
jwr 

aq j-il 

Remvl*. 





II«. n. p 


i._| j'Tratv'rKMinit st\'»e 
pirmixM With tAr 
Xo. 1 . . . 
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2*4 

1 2 9 


11— U* w-itcr Knin'l 
Mcn<* pn'ntixrkl wuh 
tAT No. 1 ATlvl with 
filhr 
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3*3 

! 2-1 

1 3 2 


jll.—lj' wjitfr bound 

stone ptrmi'5i>l wuh 
tAfJllVll 

U-3 

3-3 

1 

2-4 

1 S 0 


IV.— IJ* water I'ound 
kanV,Af preimx with 
tar Xo. 1 

11-4 

fi-t> 

i.f 

1 3 5 


V,— li' water I'ottnd kan* 
fcar premia with tar 
Xv'. 1 and With iilJer 

Il'T 


1-T 

I 3 0 


VI. — IJ' >rrtier K'und 
kink.ir preinix witli 
t.ir Xv\ 11 . 

IIT 

3'S 

IS 

1 3 4 


<^) VII. — 2J' ppenii\ carpet 
to Shatiinar «pee;ti. 
c.ation . . . 

Ifi'C 

T-l 

M 

1 14 10 


(f) VIIL— 1' Shell r.iaead.im 


3*7 


2 10 0 


<d)lX. — S'Shrlerete . 

5S*0 

S-S 


2 14 3 


.(f) X— ll'SheKheet . 

4S-9 

_ f't 


3 2 0 

I :_j 
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Appendur III. 
Co?ts. 

(Surfflce Treatment.) 


Experiment. I Nature of ETpenment. | Cost per yard. 


Rs a. p. 

(/) Lahore specifications ot Tar Painting only 1st coat with 
Tar No 2 at >^6 gallons per sq >ard was given m 
March 1934 0 6 3*S6 

If) Peshawar Specification of Tar painting only 1st coat with 
Tar No 1 at 0 3 1 gallons per eq 3’ard has been given 
m March 1934 . , . . . . .0 6 6*0 

(S) Painting with a miituro of Tar No 1 and Mexpholt in the 

ratio of 86 and 16 at 0 33 gallon per sq yard . .060 

(*) let coat of Tar No. 1 at 0*32 per eq. yard 2nd coat Spra* 
mex at 0 5 gallons per eq. j-ard (Bareilly Specifica. 
tion) .1040 

1st eoat of Tar No. 1 at 0-2 gallons 2nd coat spramex at 

0'-5 gallon per sq yard . . . • .004 

<ft) 1st Coat Tar No. 2 at 0*2 gallons per sq. yard . . 0 8 10 

2nd coa< Shelmac at 0*2 gallons per eq j’ard. 

<») Ist coat tar No. II at 0-29callonper sq. yd. and stone 

chips . 0 4 10.04 

Second coat with Tar No. I and II mixed with various 
proportions of coal dust and blinded with gnt and 


cinders as detailed below . — 

<») Tar No. II with 10 per cent. Coal Pust and cinders . 0 2 10.57 

<0 Tar No. II with 10 per cent, coal dust and stone chips . 0 4 4.3 

(0 Tar No. 1 with 20 percent, coal dust and cinders . . 0 2 8-07 

■(0 Tar No 1 with 20 per cent, coal dust and stone chips . 0 4 1 • W 

(») Tor No. 1 with 25 per cent. Coal dust and cinders . . 0 2 9.-4 

f») Tar No 1 with 25 per cent, coal dust and stone chips • 0 4 S-OT 

(0 • Tar No. 1 with 35 per Cent, coal dust and cinders . . 0 2 8. 21 

(0 Tor No. 1 with 33 per cent, coal du«t and stone chips . 0 4 2.04 






120 


Mr. C. F. llunicT (the Author): Mr. Ciinirman and gentlemen: rjP’-r 
No. 2 describes tiie generol trend of development in the United Frovinces 
and it gives a description of some of our more recent experimental vorL 
It appears to mo that one cannot have greater assurance of the soundoess 
of a particular line of action than to hnd that a similar one has bren 
adopted elsewhere to meet similar conditions. If, on the other haal, 
it is found that a difTcronl line of development has been followed, tuea 
much will probably be learnt by studying the reason for the difference. I 
have, therefore, dcseiibed ns sitiiph as possible the factors which have 
led us to adopt mainly surface painting for our roads and that with 
petroleum bitumen. Though most of us here tliis morning arc engineers 
yet unfortunately ;\e are also men and ono of the a’hributes of the huimn 
race is a tendency to act rather like sheep. This is, I think, one of the 
things to guard against. It is so easy and natural at times to follow a 
certain treatment or lino of action because it is known to have given you 
satisfaction in another p.art of jour oun province with the result that ive 
may be led to develop on our own lines when there are others which nre 
just as good, perhaps better. One of the main objects therefore in writing 
this paper is to elicit the experience of engineers in other parts of India 
iiheie conditions may be oimilar to those with which we have to contend 
in the United Provinces Before I conclude, there are two points which 
I should like to make clear As regards the carpets which you will find 
dealt with in paragraph 9 of the paper, on my way liere I came over that 
stretch of road and e.\oludmg the Shelsheet which is not laid under the 
same condition®, the only carpet which has given satisfaction is the 
Shelerete. This was put down some time in the hot weather; so that 
it has been down for about eix months now under the heaviest traffic which 
we can find round Lucknow The second point is that unfortunately it 
has not yet been used to anv great extent and the costs that I have given 
are only those of short experimental lengths They may serve to give 
some idea ns to the relative cost for the different methods' of construction 
but it must not be taken that work in quantities would cost in the same 
proportion. I daresay you spend os much ns 20 per cent less in long 
lenctlis. You all know how much time is wasted in getting a move on 
in the initial stages Our lengths were very short. In one case it was- 
one furlong and in the other case even half a furlong. 


The following papers were then submitted for discussion. 
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[Paper No. 5 («).] 

Bemga Paper* Contributed for the 1934 International Road Congress. 

Vrogress made t’n the use of tar and hitwnen in the Punjab since the last 

, Iiifcruotioual Poad Co)igress tn Washittglon October 1936. 

By 

S. G. Stubbs, O.B.E. I S.E., Officiating Road Engineer irith the 
Government of India. 

^laintmancc of prov vdal metaUetl roads in the Punjab. — The area of the 
Punjab is approximately one hundred thousand square miles and its popula- 
tion is 23J millions. Apart from the needs of motor transport trhich are great 
adequate facilities for the transportation of agricultural produce to markets 
by means of bullock carts are of still greater importance, as the prosperity of the 
province is dependent to a very large extent on the prosperity of the agricul- 
turist The Punjab has long recognised this important fact and also fully 
realises that under the combined action of motor and bullock cart traffic plain 
Witer-bound is the most c.xpensivc of surface to maintain and that there- 
fore the improvement of such surfaces to render them more suitable to the 
present day traffic conditions is an economic necessity. 

2 V. • . .. .. I .. T — tfl. ♦Vft AT%T«nf /\f 

paintm^ ■ ’ ' 

■ffitHn t 

province of which 2*710 are provincial (that is under the direct control of the 
local Government) and 1,140 miles are maintained by District Boards. In 
addition to this, there are about 6,000 miles of earth roads in motorable condi- 
bou. This paper deals with the 2,710 miles of provincial metalled roads. Of 
this milage, 1,030 are still water-bound macadam, 1,600 surface painted, 70 
miles grouted with bitumen or a niiiture of tar and pitch and 10 miles are of 
premLt work, referred to later on. In many parts of the Punjab stouo 
metal is Very expensive ranging os high os Rs 40 per 100 c. ft , and a j^cry 
rignificant feature of the grouted work is that in about 10 miles out of the 
"0. the aggregate consisted of brick metal broken from hard burnt bricks the 
lesults obtained being very satisfactory. Though grouting has on the whole 
proved very satisfactorv the initial cost, even using brick ballast as aggregate, 
■’ras far too high to permit of improvement of road surfaces in this wav 
^0 any groat extent. A verv much cheaper method had to be devnsed, 
®ad up to the present time the main treatment adopted for the improvement 
ol Water-hound surfaces was and is still surface painting with tar, and this ms 
produced Burprisinglv good results even under really heavy (for India) trauic 
r^onditions. 

3. Tarring of roads was first started in the Punjab about 1914 far more 
^th the object of reducing the dust nuisance than anvthing e’s?. and it was 
cot until about ten rears later that i t b<^n to be realised that the greatest 

•Norr.— The ha< been somewbat cartiwTed aaJ »3f-red by the ebraioUii-u of 

■aienal not necess&rr for a hode of Endneers ia India. 



benefit derived from tarring tms the redvetion of maintenance costs. It 
found even on roads carrying very hcavj* traffic that once a road vras tarrei 
the underlpng metal appeared to last indefinitely. The follovring fev: e.xampl^ 
appear to justify this conclusion 


Name of road. 

1. Mall, Lahore — 

Part I 
Part n . . 

2. G.T, Road Miles 313-314 

3. Mayo Road 

4. McLeod Road 


Date of rea<j. P.-ife of first Pre«ent eo-nditioa. 
wiiL tarrinl. ♦ 

.. lOl^'lGt^Shortly after- Paint coat applied aaca- 
.. 1916-17/ wards. ally. Nosicnofnotil 

w e.arinc. 


1913-14 

1916-17 

Do. 

1923 

1925 

Do. 

1925 

1025 

Do. 


J\OTE. — Roads Nos. 3 and 4 carry esceedinjly heary bullock cart traffic in addiHo^ 
to heavy motor traffic and both lead to the Lahore Railiray Station. 

4. Though it was fully recognised even os early as 1D21 that tarring don? 
on an e.vtcnsive scale tvould result m a large saving on the maintenance of 
metalled roads, tarring could only be earned out to a very limited extent oa 
account of the lack of funds. This tvas due to the fact that the general pw^ 
tice was to renew with 4^ inches or nearly 44 inches of metal and to apply a 
coat of tar every year after the imtial application had been made. Thus, if 
the average number of miles to be renewed every year were not reduced, and 
this was impossible without lowering the standard of the surface, the milage 
of new tarring that could be uudertaken annually became less and less unless 
bigger road grants were fortbeonung and as this was most unlikely the very 
item of work, namely tarnng, that was so necessary in order to reduce the 
maintenance expenditure on metalled ro.ads could only be carried out on a 
very modest sca'e. In the year 1927-2S there were only 73 miles improved 
water-bound surface (including tar pointing) out of a total of 2,150 miles and it 
happened that at that time there was a very large increase in motor traffic 
irith the result that the surfaces of metalled roads were being torn to pieces. It 
therefore seemed clear that unless the cost of renewals could be considerable 
reduced in order to permit of more extensive tarring, metalled roads would 
soon become impassable. Extensive experiments were carried out from about 
192G to 1930 and as the result of these it was definitely estabh'shed that, if 
tarring was to be done, the amount of the new metal used in the past for renew- 
al was excessive and that the quantity required for a mile 12 feet wide could 
be reduced from2 1,000 c. ft. to a figure between 6,000 c. ft. to 12,000 c. ft. This 
meant that the cost of renewals could be reduced by 50 to 75 per cent. As a 
result of the introduction of a very much cheaper method of renewals called 
Cbc.ap renew.als* ” and the consequent huge savings that accrued, the 
milage of the improved water-bound surface in the province was increased 
from 73 in 1927-28 to 1,40T in 1932-33 not only without any addition to the 
total expenditure, but during the last two financial years, there was actu.illy 
a drop in o.xpenditure. If funds at the rate of about Rs. 1,500 a mile per annum 
continue to be prornded, it is expected that in 1936-37 the entire water-bound 
• •' Indian Jioadt ”, March 1933. paceS aa<l Appendix I, pago lO, 



metalled milage of provincial roads will be improved and that the cost of main- 
tenance will then drop to Us. 1,096 per mile per annum (see Appendix I) This 
figure of Rs. 1,090 per nulc per annum is based on tlie assumption that a coat 
of tar wjU be applied every year. Even though tarring conserves the metal and 
thereby reduces the maintenance costs to a very large extent, nevertheless the 
subsequent annual coats of tar involve a heavy recurring expenditure. To 
what e.xtent such expenditure can be reduced by making the coats biennial 
instead of annual has not been definitely determined It is found vith the 
very high summer temperatures prevailing m the Punjab that tar deteriorates 
to a very great extent by evaporation of the lighter oils and o.xidisation than 
by the action of traffic. There is therefore n measure of risk m eking out a tar 
paint coat for more than a year more especially if the traffic includes a large 
number of loaded bullock carts shod with iron tjTcs. Though the atmosphe- 
ric influence on bitumen is negligible in comparison with tar, it is found from 
expenence in the Punjab that it is very liable to peel off if applied as a paint 
coat direct on metal, but verj’ satisfactorj* results have been obtained with 
bitumen painting on a previously tarred surface provided that the latter is 
moderately fresh. Experience gained so far seems to point to the conclusion 
that if a suitable grade of bitumen were applied as a third or perhaps even as a 
second coat, it may not be necessarj' to paint the road surfaces annually. 
Hitherto the practice has been to apply bitumen at the rate of 1/5 to 1/6 of a 
gallon per sq yard even for subsequent coats as against on application of l/IO 
of a gallon per square yard generally adopted in the case of tor. This would 
make bitumen painting about 70 to 80 per cent, more e.xpensive than tar paint- 
ing and this is probably one of the reasons why bitumen has not been used to 
any appreciable extent even for subsequent coats. 

5. It is understood that the tendency of modern practice in England is to 
apply bitumen even for hot applications as thin aspossible as it considerably 
reduces the possibility of the formation of corrugations, specially if the coating 
of bitumen is covered with the maximum quantity of chips that can be held in 
position Experiments carried out by the writer about 18 months ago on about 
3 miles of road show that it is quite po.'^sible to spray hot bitunien (100 pene- 
tration) at the rate of 1 /lO of a g.illon per square yard, and that this quantity 
of bitunien will quite effectively hold in position 1/4 inch thickness of chipping^. 
This means that it is possible to lay a subsequent coat of bitumen at more or less 
the same cost as a coat of tar. Therefore if we can continue to pet a life of 
about 18 months nith such an application of bitumen, it follows that the co«t 
of maintenance will be reduced to about Rs. 850 n mile per annum. The ei- 
ten«ive experiments with surface applications of bitumen shov that, e\cn 
P’hen the bitumen (100 penetration) is applied in the hot we-ather, tii>“re is an 
immediate and a very great drop in temperature as soon as the bitumen touene-* 
the road, and as at this reduced temperature bitumen has a limited coverin? 
and penetrating capacity neither the surface of the road nor the surface of the 
shippings is completolv covered, ns the bitunien at a comparativelx low tem- 
perature is unable to 'penetrate into the tiny crevices and irregularities. In 
other TTotds the ” wetting power ” of 100 penetration bitumen even at sun 
temperatures during the summer is very much less th.an a matenal hte tar. 
Therefore adhesion is not a® peat. Besides thi« 100 penetration bitumen 
softens considcr.nblv at high temperatures and therefore the cbip< are cot he. 
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macadam, provided the metal has sufficient powers of resistance against crash- 
ing. The object c ' • • 

water*bound macj ' . • ■ ■ . ' ’ 

work and thus to ; ■ ■ ' ‘ 

mum cost. The process broadly consists of laying two layers of pre-coated 
aggregate, one consisting of 2 inches of pre-coated metal (from | inch to 1 J inch 
g.auge) and coated with per cent of binder; and the second layer of 
about a I inch layer of gravel (1/16 inch to 3/4 inch gauge) coated with 34 
per cent, of hinder. The first layer is partially compacted before the second is 
applied and water is used freely in consolidation though to a lesser extent 
than in ordinary water-hound macadam. In most of the work done so far tar 
has been used entirely for pre-coatmg the metal and the gravel For more 
recent work bitumen is being used for pre-coating the fine aggregate, tar being 
used as before for the metal Ten miles liave recently been laid to this speci- 
fication and the results obtained so far arc definitely superior to surface painted 
water-hound macadam. It was proposed to fay another thirty miles 
during the year 1933-34. Table II sets out particulars of cost of renewals carried 
out in the second Circle, Ambala, during the last financial year, where the bulk 
of new type of work has been carried out. These figures are based on metal 
costing Es. 18 per 100 c. ft. ; with metal at Rs. 25 a 100 c. ft. the cost would he 
Wore or less the same as that of cheap renewals phisono coat of tar. 4Vliere 
the metal costs more than Es. 25 a 100 c. ft. water-bound premix is definitely 
cheaper. 

9. • • • ...... 

ing to fill t: ... 

required. I . . ’ . ! ’ . 

economical method of dealing with the situation when it arises. Besides this, 
ii this problem is solved, we shall not only have a specification for the treatment 
of existing roads but we can considerably cheapen new construction, for ins- 
tance we could not only effectively deal with a brick on edge road which is so 
cheap to construct hut we could also lay a protecting surface on a water-bound 
road made of soft metal or even of brick ballast. If these hopes are fulfilled, 

we shall have indeed made a definite step towards solnng the road problem not 

only in the Punjab hut throughout the whole of India. 

10. With these objects in view experiments are being carried out with 
thin bituminous carpets on the lines set forth in specification, nne Appendix 
III. At the outset the specification adopted was somewhat different from 
that now given in AppendLt III, the main point of difference bemg that the 
aggregate consisted roughly of a mixture of one part chips or river worn smngle 
of suitable grading and one part sand. The addition of sand was defimtel.\ 
I>cneficial not only on account of the greater stability derived hut there 

les«« tendenev for the ag<we"ate to crush. As faros the results are concerned this 
early work was verv satisfactory, but owing to the presence of sand a power 
^ven miier was absolutely cssentml. Besides this, more bitumen is requires! 
Jlut that is a minor point. Tho administration of India is such that there are 

literally scores of authorities in cbaigeof roads who need to be coar^cw >e- 

f^ore a new specification can be introduced. Therefore to b^n wth it 
be necessary to do work on a small scale in a Urge number of locaiiti-'S. 


126 


power driven mixer i‘5 a sint qua non very little hcadwaycan be made asitw 
most unlikely that an adequate number of such mixers will be available for 
what is after all only experimental work. The later specification {Appendix 
III) has been so framed that work can bo carried ont by means of a {home 
made) mixer operated by manual labour and only costing a few rupees. 

11. It is found by oxperionco that, provided the gauge of the finest 
particles in the aggregate is notless than say, about 1/12 of an inch, there is no 
difficulty in mixing by means of these home made contraptions. In the absence 
of sand a very great deal more care is required with the selection and grading of 
the aggregate. However this difficulty c.an be overcome far more easily then 
that of securing funds for a large number of power driven mixers. Jloreovef 
any deficiency in the matter of stability and tendency of the aggregate to 
crush under bullock cart traffic, can be made up by light applications of bitn* 
men emulsion and covermg the same with coarse sand. When premix work 
becomes more general, it may then be worth while purchasing a largo 
number of these machanical mLxers. It is therefore open to us to revert to 
the original specification with sand in the future. 

The cost of laying a IJ inch bituminous carpet on a road with metalling 
12' wide is broadly analysed as follows : — 


1. Priimng 

2. 8,000 c. ft. aggregate at Bs. 18 par 100 c. ft. 

3. 10 toos binder at Bs. 150 a ton .. 

4. Labour 

Bound figure*. 

. Ba- 

. . . . 250 

.. .. 1,450 

2,400 
400 


4,500 

5. FinishiDg coat o! emolsiOQ .. 

.. .. 1.500 


Rs. 6,000 
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APPENDIX I. 

Table I. 

Co$l of tiuitntenance of tMtalkd roidi mid surface painted milage on roads maintained b>j 
the Public IForlj Department, Punjab. 


No. 

Year. 

Total 

length 

metalled. 

Expendi- 
ture m 
takhs 

Rate 

per 

mile. 

Total 

length 

surface 

painted 

Remarks. 

I 

1924-25 

1503-58 

\ 

24-66 

1640 

16 

Width of metalling 
12 feet. 

2 

1923-26 . . 

1672-37 

30-W 

1796 

24 



1926-27 

1SC3-30 

33-12 

1777 

50 


4 

1927.28 . . 

2U0 42 

35 50 

1651 

73 


S 

1928-20 

2439-114 

39 $3 

1633 

222 


-e 

1929-30 . . 

2612-934 

43 85 

1678 

369 


? 

1930.31 .. 

2667-084 

45-82 

1718 

689 


s 

1931.32 .. 

2699 

41 04 

1521 

1065 


9 

1932-33 ., 

2707 

39-80 

1470 

1407 


10 

1936-37 . , 

(forecast). 

2710 

■ 

1096 

2710 

When the entire 
milage has been 
surface painted. 


Table II. 

Particvhri ofreneuals carried out in the Second Circle of Saperintenienee in i93J-3J {leiilh 
of metalling 12 feel). 


— 

.Stone plain 
W. B.M. 
Chea^renew. 

W.B.' 

Kankar. 

Totals ani 
ATerag<-a. 

lilies 

155-72 

10-50 

97-0 

263-22 

Rate 

2.404* 

4.565 

2433 

2.4S3 

Cost 

3.74.35! 

47.937 

246TS7 

649.075 


*£xclB«iT» of t»r paintiog which «>*t R*. lea tbo £rrt coat. 















APPE5iT)IX II. 


2\otu and epeeifcaium Jor turjact ftainting tci/A SS'iItmar Jload Tar on WaUr-BiyrrS 
Macadam byS.G. Stulba, O.B.E., IjS.E., Suptr%n(endinj Enjinttr, Second Cirdtr 
Ambala. 


pBELnincAp.v Notes. 

Tar painting may be advantageously earned out on eitlior an old surface in g<^ 
condition or a new surface soon after it haa been consolidated and dried, but the tarrin; 
should never be earned out Unless the road is thoroughly dry. 

If there are any pot holes or rut*, treat aurface in the manner described in paragrapiiJ 
1 and H below abont a month before tamng is commenced. 

IT IS NOT ABITSABLE to give out first coat application on contract unless it u 
certain that the contractor is trustworthy from all pomts of view. Initial coats of tar are- 
the foundation for all future applications and it is imperative that such applications shoold 
he thoroughly sound. 

I. — Pot Holcs. / 

(a) Oier J in — These should be made square or rectangular and excavated 

to a depth of 2 to 2 J inches, the bottom loosened and watered, filled with hard metal {IJ 

inch gauge) pie<oated with tar and rammed- The surface of the patches should then be 

covered ahciut i inch thickness of pic-coated gravel (J to | inch gauge) and again 

rammed. Thequ"’'*’*-''**«--*'~*'‘-**’‘» — ‘ 

he carried out by ‘ . 

of fine kankat or 

metal) patches ar' 

hut the aggregate 

wet for a week as in the case of water^bound patches. 

The approximate cost of the patching desenbed will be Rs. 12 per hundred square feeb 
or Re. 0.9X) per cubic foot of patch work done (mcludmg cost of all material and laboor)- 

(b) Under f incA in depfft.— Same as rut filling (o) and (6). 


n.— Rut FiLusa. 

Ruts can bo divided into classes : — 

(а) Ruts up to i inch deep. 

(б) Ruts from J to } inch deep. 

(c) Ruts above | and up to 2 inches deep. 

(a) Hula up to J incA deep . — ^Theso ebould bo painted with tar No. 1 or No. 2 at the rate- 

been done without rut filling, this operation can be repeated or carried out before the second 
application of tar. This process is more effective if done, say, in the months of September 
and March than in the middle of the hot weather because the gravel is easily displaced when 
the temperature is high. 

Approxiruate cost of painting ruts wiU be Rs. 2-12-0 per hundred square feet or R&. 200 
fer one rut U feet wide per mile. 

tarNo.lor 

■ . * ■ . . j to } inch 

■ daj^ before 


Approximate cost Rs. 4 per hundred square feet or Rs. 300 for filling one mt 1 J fe«t 
wide per mile. 



(e) HuU abort }>tncA and up fo 2? incA<j.^ThesefiHoa1d bo scarified to a, depth of 1} to 
2} inches and new mstal added and consolidated aa orJiniry water-beund macadam 
Great care sbonld be taken that the metal of the tinscanfied surface adjoining the ruts is 
adequately protected to prerent crushing. 

*— *T- — >*- 1 1 *-(f* •"SJi —It T>- mO til0 cOSt 

'■ I '■ ■ . ' • jertain that by 

■ ' - . • whole surface 

Methods tl (a) and 11 (b) should not be adopted whero the joints on the surface of ruts 
cannot be adequately raked out. If the tar does not penetrate sufficiently there is danger 
of peeling oS as the ruts bear the full brunt of the bullock cart traffic. 

HI. Foratleast two weeks before tarringisdonotheroadsurfaesshouldnot be blinded 

with earth. 

IV. Tamng as far as possible should be done in warm weather when the sun tempera- 
ture is lOO^F- or over, so as to ensure more penetration and uniform distribution of tar over 
the surface of the road. 

V. If possible the whole width of the road should be closed to traffic, and the berm on 
the leeward side only used for traffic and this should bo sprinkled with water to reduce 
dust to a minimum. 

JIaTERIALS. 

Slone chips or yraref.— The proper fnnetion of the binder should be to soenroly fix the 
♦hips in position and that of the aggregate to take up the wear of traffic, therefore the 
quantity of aggregate should bo as large as po^ibla In relation to the quantity of ^binder. 

ta , ' • ‘ 

pe . 

As the aggregate is to take the wear it should boas hard as possible and where available 
should consist of hard river bed gravel or very hard crushed stone chips. 

Experieneo shows that the very fine particles should bo reduced to a mininiura, and no 
iteff ]es 3 than 1/8 inch gauge should be used, otherwise a larger quantity of binder per umt 
•w Tolnrae of aggregate will be needed. 

The following grading of chips or gravel has produced very satisfactory results 

initial applications f— 

} to i inch gauge 40 per cent. 

i to J inch gauge 60 per cent. 

mlseqitent applications t— 

i to J inch gauge 40 per cent. 

J to i inch gauge CO per cent. 

SUBFACE PAISnSO WITH BOSD lA* (FIRST COll). 

Initial application consists of the following four operations 

(1) Cleaning the road surface. 

(2) Heating and pouring tar. 

(3) Spreading stone chips or gravel. 

(4) Rolling stone chips or gravel. 

!• Cleaning the road surface. 

consists of five operations r— • 

(a) Sweepioi; the road surface with ordinary brooms or soft brushes with long 
bandies to remove the surface dost. 



(6) RomoTing catod mud from th# edges of tho road br oimm of miniatuwpict 

ThU mud cannot bo removed by ordinary ^iro bruslies, 

(c) Cleaning tbo road surface with wire brushes so as to loosen the mud and £: 

blindage from the interstices of the road. 

(d) Cleaning tbo road surface with soft brushes so ns to remove dust and blmdi: 

produced iix operation (c). 

(<) Final dusting of the road surface with gunny bags or countrj* whbks to reso' 

fine dust. 

2. IfEiTixo Asi> ronu-vo rin. 

(а) Ueaihff tnr.— Tlie tnr should bo hoatcxl in tar boilers as far as pcssiblo and if tl 
tar boilers are not available, hcMmg can l-o done in boilers locally made from tar dninu 

In case of B. S. S. Tar No. 1, the temperaturo should bo maintained between 2^' 
and 240®F. and m case of B. S. S. Tar Xo. 2 botwren and 230’F. 

Great care should be taken that no water from tbo tnr drums or any other sour 
enters the tar boiler, otherwuo the tat will oxerflow with dbastrous results to the opei 
tors. 

A full tnr drum should nlwajs lemain suspendctl oxer the tar boiler, so that t 
contents will ne\er be reduced to saj Ws than J of its \oliime. otherwise the nccumulst 
heat stored up in tl e fire bncks will cause a vor> rapid riso m temperature. 

(б) Pounng tar on road turface . — ^This is done m two ways 

(0 Spraiftng . — After the surface of the road is thoroughly cleaned and well dusted 
described in operation Xo. 1, the edges of tho road should le well defined by means 
{ inch thick strings CO to lOO feet long each In spraying tar with the spmjer gre.st «« 
should 1x5 taken that the tar is eprajed umforroly along tho length of the toad and net 
across the read. If sprnjed across the road. un.'Ughth overlaj'ping will occur and sv 
when spmj ing longitudinally overbipping should be reduced to a mininumi by brushaj 

Tho quantity of tar used during spraying can be controlled by means of flat iron gauc 
but an esjiert sprayer operator should be able to gauge the quantity sprayed by eye. T 
height at which the sprayer is held is the eontrollmg factor. One ^Uon of tar spray 
should cover C square yards of road surface. 

(n) iffliid jicuniij;— Altcrcleaningloperation 1) the edges of the road arc demarcat 
by means of | inch thick strings f.O to lOt* feet long pulled taut and secured, then mat 
are made at 7* feet mtervals on the terms to leprcscnt the length of the road that will 
covered with two gallons of tar Fourmg is now done by means of pouring pots of o: 
gallon capacity. Thus tho contents of two jwts will cover a length of rood rejirescnt' 
I y* cnc marking on tho I'cruis and this will amount to G square yards per gallon of tar. 

Pouring and brushing should to done longitudmoUy and overlapping reduced to 
minunum. 

The operation of pouring is earned out by two men equipped with soft brashes wi 
Jong handles and one man with a pourinc pot filled with one gallon of tar and these tnt 
pour and brush tho tar on the road sinndtaoeously. 

. One Btieke of the pourmg pot covers one foot width of a road feet long {the mo 
tonvenirnt length of read that can le dealt with) and C i-trekes are sufficient to complete 
empty tl e pot, thus a width of 6 feet, TJ feet long can bo covered with one pourmg can. 

The foregoing refers to an initial appbcation for a road 12 feet wide. In case of su1 
sequent applications one pourmg pot wriU cover the whole width of 12 feet, 7i ft. long, 

r- ■’ .r it 

’ ' ■ • ... ■perienc 

■ • ■ ■ imed b 

hand pouring. 

Tlie position of tho tar boiler should be so adjusted that mmimum time will lie taken i' 
carriage of tar from the boiler to the road. 

The labour employed on heating and pouring tar should be provided with go^olee. loa; 
boots and a pair of putties for Dvotectioo. 
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3. SrBEADtXO STOXE CfllFS OR GRAVEL. 

Before epresding, gravel should alwaj's bo ecroened through a 1/8 iach mesh Bcreen, so 
ss to remove fine dust. Crushed stono chl^ or nver bed sbinglo of hard quahtv and 1/3 

wide. 

The greatest care should bo taken that the chips are ovenly distributed (by means of 
drag brooms or in any other rraj-) over the surface othenrise the riding qualities of the road 
surface are likely to ^ impaired. 

4. RoLLISO STOtfE corps OB GRAVEL. 


Gtnttal . — Traffic can bo permitted on a freshly tarred surface after sundown on the 
day work was done, but if possible traffic should not bo allowed to uso such a surface 
durmg the hottest part of the day until the tar is 24 hours old, otherwise the chips or gravel 
is very liable to be displaced. Watering a road after sundown on the day tarring was 
carried out is distmetly beneficial where sun Icmperalures are very high because it takes 
many hours for a road to cool down. 


ScuFACE pAI^■Tt^•o wmr road tab (sEco>a> coat). 

In addition to the necessary proUminary work already described, this consists of the 
following four operations 

(1) Cleaning the road surface. 

(2) Heating and pouring tar. 

(3) Spreading atone chips or gravel. 

(4) BoUmgstone chips or gravel. 


(1) Cleaijiso toe road spbpace. 

This Can be 8ub*dtvidod as follows 

(а) Scrapu^ oil the manure or other foreign matter stickmg on to the road sur. 

face by means of any suitable implement. 

(б) CIe«iung tho «iirf>ce with irire brushes, loosening »ny sluS left out bj- operation 

(a) specially at the edges. 

(c) Cleaning the surface with soft brushes so os to remove dust and foreign matter 

produced in operations (tf) and (ft). 

(d) Final dustmg of the road with gunoy bags or country whisks to removo fme 

dust. 

(2) Heating a>t> poobiso tab. 

(a) HeoliBj Ijr.—Samo as paragraph 2(n) of spociOoations lor Erst coat of tamng. 

S'o'f ^r 

gallon of tar. 

(ii) Hand ponrfng.-Samo as for paragraph (2)(h) (..) 

flntteSt noth tho eaceptlon that the .paw hewn the on henn, 

iriU ho coveted in ono pouring of a 1 palion pa J poi . 
works out at lO square yards per palloo oi tar. 

(3) Spreading stone aura or cravel. 

Ssu. a, for paragraph 3 of spocir.enl.™ 6r.t 

'liat tho ganpo of tho gravel should ho I/S to »/* ■»;'>*"'* 
ft. gravel should cover 8 to 0 foot length of road 1- f 

(4) HOLUNO CniTS OR ORIVEL. 

Same as for paragraph 4 of •pccificatioiw for tarvmg fir.t v»t. 
fittuial. *.$81110 as for fw*' cos* nork. 
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Constructional opcralhns in order of sequence. 

(a) Preparation of surface, — ^Tho surface to be treated should bo thorough!/ cleaatdb 
the usual manner prescribed for tar surface pamting. After cleaning the surface, wool'a 
strips 2 inches by li inches are securely fixed along the edge of the metal ^ the edrt 
of the metal by moons of steel spikes and remain in position until the carpet has ^nfioalij 
rolled and has set. These wooden strips not only support thocarpet duringlaying bat act 
as a gauge for the thickness of the carpet. 

(b) Pn'miry. — ^The surface is suitably primed adopting one or other of the methcli 
described under the head priming, 

(c) Mixing . — Four to five “ home made ” mixers are placed in such positions on lbs 


■will not bo possible. IVith a sun temperature of not Jess than lOO’F. there is no need to 
lieat the aggregate, but vith a lower teinperaturo it may be necessaiy to heat either the 
whole of the aggregate or the portion of it with particles less than 1/8 inch gauge* SU xi a g 
may also be facihtated by lightly spraying the aggregate with kerosene by means of a 
“ FUT” gun. 

(d) iSpreading.— After depositing the precoated aggregate on the primed surface it u 
evenly spread by means of rakes and these should be tlieonly tools mod for spreadis^* 
Compaction by foot, hand or rammers of any kind should bo avoided at any cost. 

(e) Rolling should bo done by a G or 8 ton roller, though a 10 ton roller could be used if 
the aggregate u not too soft. Tandem rollers aro the most suitable for this class of work, 
but their uso is not essential. 


of the aggregate to crush is considerably reduced. 

General, — Jlotor traffic should b© kept off the road for 4 days and bullock carts for one 
week to ten days after completion. If possible traffic should be di>*erted right away from 
the road during construction, if traffic travels along the berms dust is blown on tbo surface 
before the solvent in the mix has evaporated and a good doal of it (dust) is incorporated 
in the mix thus making it too dry. Special provision should bo made for diversions and the 
best way of dealing with the traffic is by laying a temporary wire roadway esj)ocially in 
cases where traffic has to use the berms. 
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Constructional operations in ord»r of itqutnee. 

{a) Preparation of eurface . — ^Tho surface to be treated should bo thorougldy clea 
the usual manner proscribed for tar surface painting. After cleaning the surface, v 
strips 2 inches by IJ inches aro securely fixed along the edge of the metal by th 
of the metal by means of steel spikes and remain in jiosition until the carpet has been 
rolled and has set. These wooden strips not only support the carpet durmg laying t 
as a gauge for the thickness of tho carpet. 

(&) Pnim'ny.— -The surface is suitably primed adopting one or other of the ni' 
described imdor the head priming. 

(e) Mixing . — Four to five ** home made ” mixers are placed in such positions 
primed surface that the work of spreading of the coated aggregate is reduced to a mio 
Before being placed in the mixers the aggregate is screened into 2 gradmgs, viz., m 
about 1/8 mch gauge and material below 1/8 inch gauge. The former is ^st put in 
mixer and then 2/3 of th© requisite quantity of binder is added and tho mixer rerok 
times, the fine stuif is now added and the mixer again rerolred and finally the rem 
of the bmder (1/3) is added and mixing completed. Unless the seemingly comp 
sequence of operations is carried out the fine stuff will “ball up ” and uniform pro- < 
will not be possible. ^Vith a sun tempeiatuie of not less than lOO’F. there is no t 
heat the aggregate, but with a lower temperature it may be necessary to heat eitl 
whole of the aggregate or the portion of it with particles less than 1/8 inch gauge, 
may abo be facilitated by lightly spraring the aggregate with kerosene bv mean 
“ FLIT” gun. 

(d) Spreading.-^AHer depositing th© prccoatcd aggregate on tlie primed surfa 
evenly spread by means of rakes and these should be the only tools used for spn 
Compaction by foot, hand or rammers of any kind should be avoided at any cost. 

(e) Rolling should bo done by a 0 or 8 too roller, though a lO too roller could be i 
the aggregate is not too soft. Tandem rollers are the most suitable for this class of 
but their nse is not essential. 


of the aggregate to crush is considerably reduced. 

General.— “Motor traffic should be kept off the road for 4 days and bullock carts i 
week to ten days after completion. If possible traffic should be direrted right awaj 
the road during construction, if traffic traveb along the berms dust is blown on the s 
before the-solvent in tho mix has evaporated and a good deal of it (dust) is incorp' 
in themixtbusmakingittoodry. Special provision should be made for diversions an 
best way of dealing with the traffic is by laying a temporary wir? roadway especu 
cases where traffic has to use the bertns 





I [Paper 5(fi).] 

|tes on tlie Uses of Tnr, Bitumens and Emulsions, in tho Punjab^ 
Being a Paper Contributed for tbe Last (19S4) 
International Roads Congress. 


R. TRE\"OR JONES. M.C., A. 51. Inst. C.E., 

ExecHfuY Engtwer, Paicalpindi. 

Note. — T he paper has boon shchtly cnrtailed by tlio ohmination of matter not necea- 
■y for a body of Eagmeers m India. 


Tar. 

1. Tar. Present toicanh use of tar in the Punjab and Northern 

Jirfia. — India is probably one of the moat conser\*ativc countries in the trorld, 
nd it is certainly an achievement that now a tlays, m the Punjab at any rate, 

application of some form of waterproof surfacing is regarded ns being cs- 
!ntial for main roads This conviction has been reached during the past few 
jars, before that the Public and the ndmimstrntion, provincial and local were 
'conciled to the annual rcconstruetion of large sections of water bound road, 
ith all its inconvenience and annoyance to the public. Since the advent of the 
otot few water-bound road crusts could simivo more than a couple of years, 
id in the more heavily trafficked sections 6 months was the not nmisiial limit 
endurance. Until quite recently tar was considen'd an unknown quantity, 
luxury, an unjustifiable expenditure, and a concession to tho “speed fiend 
a verj’ similar manner to the outer}* which was raised m England, when 
itfacing of rural roads on a largo scale was inaugurated before the war. 

2. Pai7»rc tn the past . — It is true that early experiments, involving tho 
'8 of improperly dehydrated tar, did not create confidence. Such tars were 
isuitable for road work and in the heat of Indian summer liled to an uneom* 
ttable extent. Too much tar was used on occasions, a cause of high co.st, 
id too little was Icnown regarding the use of fillers or grit. 

3. 5avij!^ as the result of extensive surfaeing our 3 Until about 

*30, the hands of road Eiigineotfi were tie<l, and they wore robbod of initia* 
i’c because the application of any surface treatment required the sanction 
the Legislature as an “ original work “• In .Tune 1930 this cmb.irg'i was 
moved and it is now tho rule that all neir t(vtir4>omid vincothiin mud be \raU r- 
'oofed at the earliest opportunity. The result has been a awing of n<*arly 
> per cent, in the mnintenanep InllfoT arterial loavls in the Punjab, a figure 
hich will increase as tarring progrcKses, ns it Ims not yet Ikmui financi.illy 
id physically possible to surface mow than npproxinmtrly half of th<* 2,7 (mi 
i!cs of tho arterial metalled roads in the Pnwmec. 

4. /wijwoicnirjif efftcIcd.—Tlw results of ties wiJe sjire.ad u«<- of tar ha.i 
id''ninbly raised thcstandartl nndleiigtheni*«l the life of ro.i<U in this Pniviiief. 
itliorto water bound roads, liowewr well ctui'olidat*-!! and founde<l_ VfSi* 
fito inadequate for tho fast andheav) motor traffic of the presmt day, and in 
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•BOine of tlic more henvlly trAffirkcd orens were impassable after six month ase 
Moreover, in dry periods the clouds of dust raised by quick rao\ingYehk!e3 
•were not only a danger to health, and a public nuisance, but rendered visibiiitv 
difTicuU and increased road nceidenta. Although it cannot be claimed that 
the fitandard of Punjab roads can be compared with the modern roads of Euro- 
pean Countries, the surfacing or painting of water bound surfaces has estaV 
dished a highway which allows touring cars to travel nt high speed, in comfort 
and in safety, and from the motorist and the road carrier’s point of view, a 
permanently good surface has meant immense savings in tjTc and engine dep- 
reciation. and oil and petrol consumption. 

— In the Punjab the horse drawn ** tonga ” 
. ■ • •• mie 15 cwt., arostill the normal vohiclcsof 

- I ■■ ■ ■ cing of roads might have come from those 

quarters, but although it is possible for such vehicles to use the sides or 
“benns” of the roads, draught animals appear to acquire quickly the habit 
of using the tarred road with ease and confidence. This is true even of long 
gradients on the Rawalpindi-JIurrcc-Kashmir Road, where grades are as 
much ns 1 in 18 for 12 miles stretches. 

(), In tar surfacc<l or bound roads a product is achieved 

•which is cheap. elTicicnt indigenous (an important point in a country of high 
tariffs such a.s India) easily laid by unskilled labour, dust proof and lasting. 
In certain localities the only stone available is of a soft and friable nature, such 
ns sandstone, or of a very hard and unyielding nature, with poor cementi- 
tious properties, such as quartzito. Prior to the advent of tar surfacing such 
metal was of little value ns road metal cither by reason of its rapid attrition, 
or its poor binding quality. Excellent and economical results have been 
aceomplisbed by tar surfacing such material, and there are even greater 
possibilities if and when the wso of tar or bitumen, ns binders is generally 
accepted and established. ® ^ 


I. Fncililtj itfJayitig —Thm al.o appears to bo a greater permissible 
“ margin of error with tar than with other commodities, and very few failures 
in a country ,rhere expert supervision is 
.diflicult to obtain, and labour extremely unskilled. 


with suspicion and dislike by governmental financial control. There is'perhans 
some justification for this attitude, since machinery of any sort is often abu^jed 
„.«] nusused by untutore;! ludian coutractors, ami uulei export supervisi™ 
,3 available, .lopreciation is unusually rapid, moreover, few liiacbinerof loca“ 
.uauufaeture aro available and tliere is a natural teiideney to nvoM mSsa 
of articles of foreign mamifacture ns much ns possible. Conditions of 

•Specification, and railed from tbe coalfield, of B eiigal a distame itonlrSo 
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mUes to Rawalpindi. The cost of the freight over this distance is Rs. 35 por 
ton whilst the tar at source cost Rs. 97. Tar No. 2 is chiefly used in this 
locality— although No. 1 and High Viscosity Tar have been used with success 
elsewhere. 

9. Local resources . — Although n shaly co.al of inferior quality is mined in 
the Salt Range of the Punjab, it is unlikely that tar distillation will ever ho a 
^®®®^rcial proposition ; for no demand e.vists for coke, in the makiii" of 


reducing freight and the cost to the consuiucr. ^ 

10. Methods employed tn Tar surfacing . — Tar can l)o successfully hentisl 
in batteries of barrels, the usual containers, on sjvecial stanils, ami in tlie ah* 
Bence of sprayers, can be laid with fair success by jtoiiriiig from ordinary water 
cans, fitted with rose nozzles, the spread being obtnmeil by Hcjiioegees of riibbi'i 
flaps and brushes. Grit or chippings arc spread by casting in a ciicular motion 
from flat baskets, and the Punjabi coolie cun be trained to lay such nmleilal 
With speed and precision. 

11. Cost oj Tar . — Tar is available F. 0. R, llaivalj'indi at the rato of 
Rs. 132 per ton carried in non-returnable steel drutiiH each of Ij cwt. capaeity, 
It is railed in wagons of about 13 toiw capacity, laical carriage li dona 
hy country buIlockcart.sat a costof 11 aimuHp'T ttm mile, and Ilia tar ia 
dmapedat site in units of 3 barrels spaced at jiilervalH along llm rout). 

12. Chippings or Grit.— -The grit or ebiphingrt lined for blinding (Known by 
the vernacular name of “ bajri ”) i« obtiiiiM**! fnmi ilv'er bctli In lln' locality 
and is Water worn limestone p«dibb* of roiisjclcra)*l» fcnlilarn'e to crihlilng, 
The approved range of size ii from J/H iiieb to J/l im b (to pa-ji 3/H birdi iim-nIi), 
The material is usually scr»'ciM’d at site «imI nfaclod on sfiait* roiul e)<]ri 
land. Tbe cost of such imiteria) viiri«"* M'«oidlng to lb*' ili^tamo fif /Intd 
disposal and the method of rarriage employi**!, )hn llislnneo iMdible from 
the River Haro costs Rs. 7 |»‘'r mtU. at rim ll••«T fh" tit'i b'd bti! |(f,. ;jo 
per 100 eft. staebri at mil" 2t on lli« Mawidpliidl Minn «'-K«riiioii Itou.l, 
(It should be gtiit"d that Ih" Ilfl'o ;»'bli|*» Is J»nHh BitilablM fur liifiing 
*^ork). In view of diffiMiIty of obtaining llvf h"l *loiii' ai nil linid, of f|(i* 
year and the unlib-lib'^'^l of Bril't »oniplMn»*< to b)". ito »)iim by |.>. ,ihoic 
tractors, ?uppli«-s bav" <#"»elon«lly b**n ol»i«tiod ot miobiii'' iiiialiMl loio 
stone. Such nut^rwl /' I'** dombb' than wal* i wmo |" bbl" but lb« i«-itJiinty 
af supply and standard i< an i In faVoiir 'll" ' "** b »llghily oiomi 

than t" bbl". 
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1 4 . Spccificaion for laying. — A specification as used in the Punjab is 
appended (Appendix B). With regard to the application of the specifica* 
tion in practice, it should be noted that the few failures that have occurred 
appeared to have been duo to imperfectly cleaned roads. In a dry dusty 
country such ns tho North of India, the thorough cleaning of water -bound 
mnendom' roads is a matter of considerable difficulty especially Avith traffic 
•of all sorts moving on side diversions. An occasional cause of failure 
is the over heating of tar (250®F. is the ideal), .but this seldom occurs, if 
suitable sprayers are available (such as the ‘‘ PhoenLv ” rapid Hand Tat 
Sprayers fitted with plunger pump and scythe spraying nozzle), a smooth 
controlled spread is easily and quickly obtained ; when hand methods must 
be used unevenness in laying must be carefully guarded against. Special 
treatment of the edges of the metalling is also necessary. Since Punjab 
roads are usually devoid of haunching or kerbing, the margin at times 
becomes aerated and broken by traffic, particularly when wear of berms 
occurs. 

15. Sica w i2olfcr«.- -Owing to the limited funds available for the supply 
of road tools and plant, use has to be made of such steam rollers as are avail- 
able. The majority of these are of 10 to 12 tons, and are too heavy for 
rolling chippings into tar without undue crushing. A more extended use of 
local quarry products and “ bajri ” from bill streams would probably result 
from the use of light motor rollers 3 to 5 tons. At present the high cost of 
railing the hardest and most durable water worn bajri for considerable 
distances is a big item in the cost of tarring. 

16. Gencral.-^lt can be safely said that the use of tar surfacing has 
saved the situation as far as road economies are concerned in the Punjab. 
With an under-developed but projected extensive system of arterial roads, 
and an ever-increasing demand for more and better highways the factors are 
present for a stimulus to road making activity. 

Increase of Motor Vehicles — An indication of the increased demand for 
TOads is given by the figures of motor registrations in the Punjab for the past 
years. These have grown from 14,000 in 1928 to 25,000 m 1932. They do not 
include military Motor Vehicles which have also increased in recent years. 


17. Road Classiji'xilion Sekemeof 1927. — A reclassification scheme drawn up 
in 1927 indicated the lines on which development would proceed; a further fillip 
to progress was achieved with the special Road Tax on petrol, and the formation 
of the Central Road Development Fund by the Government of India, from 
which grants for new constructions were made to Provinces. Nevertheless with 
an ever-increasing annual hill for maintenance, it was natural that Government 
should look askance at further liabilities in this direction, and a tendency 
is evident to apply funds intended for the development of the road system, 
towards lightening the heavy and increasing burden of ordinary mainte- 
nance. But, as has been stated, the great saving achieved by road surfacing 
during the past three years has paved the way to more confidence in pro- 
moting further development of the road system. 


IS. Question of life of tar road. — is of course a moot point how 

tfil4 in rnni-rt-irKr :ii i. _ mr -t. 



139 


depends on the extent to which it is necessary to renew the water bound 
metalling in the years to come. An average Wew is that this will be neces- 
sary within 12 years ; although it is optimistically held in some quarters 
that a carefully maintained and renewed tar road will last for ever. In 
support of these statements it should be recorded that the Mall, Lahore, 
■the main thoroughfare of the Capital of the Province, was last remetalled 
and originally tarred in 1916, and for the 17 years has withstood heavy 
-trafSc with very little ill effect. But it would appear that the “ limit of 
.saturation ” is reached at about 600 tons to the yard width, and there are 
certainly stretches of road in the vicinity of large Punjab towns, where 
such condition has been attained. 


19. Tar used us hinder or tiui/nx.— Not much progress has been made 
in recent years in the appbeation of Tar, Bitumens, etc., as incorporated 
'binders. The reasons for this are probably as follows : — 


(i) Cost. 

(ii) This is “ Original work ” and therefore requires special sanction 

as such. 


Recently, however, premised tar carpets have been tried with a view to 
'economies in metalling of the sub-grade, the latter being reduced from 
iij inches to 3 inches. The method adopted is to use I inch of chippings jire* 
•mixed with No. 2 Tar and allowed to cool off for ten days. Before laying 
the existing road surface has to be treated or painted with tar I»o. I. The 
cost of the one inch thick premised carpet is in the neighbourhood of Rs. 7 
per hundred square feet. Such work as has been done is experimental and 
its life and capacity remains to be seen and at present it would appear 
that, when metal is plentiful and cheap, tar surfacing at Rs. 4 per hundred 
.square feet (two coats) remains the more economical method for roads carry- 
ing traffic upto 250 tons per yard width. 


20. lar and mtch grmtt.—k mfcrture of tar and pilch has beca used 
with some success where the cost of metal was abnormally high due to 

distance from source of supply, e in the pla***’ distances of 300 and 

■400 miles from the nearest quarries. Here the aggregate lias o ten been 
usually burnt and broken to 2' gauge at site, and used 3J thick consoli- 
dated ; the binder or matrix being tar mixed with pitch m the proportion 
I tar : I pitch for grout, and 1 tar ; i pitch for sea! coat Imported hard 
«tone grit is of course used for the sealing surface (on Lahore-IIarike Raid 
1029). The cost of this type of work was Rs. 27 per hundred square feet 
or excluding the cost of brick metalling Rs, 22, Rework was admittedly 
experimental but good results have been obmm«l oyer a number of years 
• -on light trafficked roads. The admixture of pitch with tar is, however, of 
doubtful efficacy in the Punjab, and tar a one as a matrix should give 
equally goo<l. if not better, results with broken bnek aggregate using about 
“twice the amount of tar required for stone. 


Bitument. 


21 Imiml paint emts not a ,riw.— Bitomcn it «n importca mstfliil. 
It has been used in the p-s'l ». » I'inJtr wth v.mn; succcs. for prcnii .= 
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grouting and even “ pave work ”, e.g., whole burnt bricks steeped in bitu- 
men. Formerly initial seal coats or surfacing work of an experimental nature 
were tried on various roads in the Punjab, but in the majority of cases ^ere 
& failure. It would appear that the difScuUy of the thorough removal of 
dust from the water bound surfaces was re-sponsible for the lack of success. 
Bitumen in liquid state in contact with dust appears to lose its property of 
spreading and the carpet or coating may be as easily removable from the 
sub-grade as a mat from a floor. However, recently the rise of “ Spramex 
has been extended for second and third coats over initial coats of tar auil 
with much success. Over tar a smooth, even, surface is obtainable, which 
appears to be tougher and more lasting than tar. Its application is more 
difficult than that of tar, and a properly equipped sprayer is an essential- 
Successful surfacing with this material is obtained so long as the coat is laid 
thin. Failure has occurred through an excess of the bitumen resulting 
in ridging and unevenness. At a cost of Hs. 14G ton, “ Spramex ” compares 
favourably in price with tar (Rs. 132) and at Rs. 1-10-0 per hundred square 
feet, it is probable that its use will be extended for second and subsequent 
coats. A great disadvantage is its slippcriness in winter. 

EiMthions. 

22. From the foregoing it would appear that emulsions which require 
no heating, and can be easily poured from their containers, should be extern 
eively used for surfacing. There are a variety of emulsified tars and bitu- 
men on the market, but at present their high cost in the Punjab have not 
made their general us* ‘ ’ esent exist only 

at seaports, or largo < ' • distances vary- 
ing from 200 to 800 . bulk represents 

much of the cost of transport. 

Examples of emulsions in use are : — 

(а) "Colas” an emulsion of bitumen marketed by the Butmah- 

Shell Company. This material cost last year Rs. 157 at- 
Peshawar and with freight to Rawalpindi, etc., cost Es. 167-4 0 
at site of work. The cost per hundred square feet was 
Rs. 2-12-0 for a second coat over tar. The price of this has 
been recently reduced to Rs. 140 ex-factory. 

(б) “ BitumxiU ” an emulsion of American origin marketed by 

Shaw IVallace and Company, Calcutta. Cost at Rawalpindi 
Ba. 157-4-0 per ton at site, and cost of second coat over tar 
Rs. 2-10-0 per hundred square feet. 

(c) " Mexaco ” a road oil, said to contain 65 per cent, of bitumen, 
made by Road Oils (India), Calcutta, cost at Rawalpindi 
Rs. 197-8-0. Cost of a second coat Es. 2-5-0 per hundred square 
feet. This is a thin bodied material of great covering capacity- 

It will be seen however that these figures compare unfavourably irith tar 
at Rs. 1-7-0 hundred square feet for second coats. With labour costs being such 
0 minor item of expenditure, there is no set-ofi to the additional quantities 
used. For whereas 1/lOth of a cwt. of tar will cover one hundred square feet, 
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it requires l/5th to l/lth of a cwt. of emulsion to do the same, the additional 
weight being largely water. Bitumen emulsions have, however, been used wth 
success over initial costs of tar. At present tlieir high cost in comparison with 
the latter does not seem to be justified. For first cOiats over water-bound sur- 
faces, they have not been successful so far. 

23. Slippenness . — With a range of shade temperature of from 30'F. to 
115'^F. road surfaces m Northern India arc subject to n wide variety of weather 
condition and stress, but as the rainfall is more or less confined to a few montlis 
in the year, there is far loss occasion for roads to get muddy or greasy than in 
Western countries. Tar definitely gives a surface of a rougher texture than 
bitumen, and is less liable to cause ^ids when wet. 


24. Tar on sleep grades.— In the last two years the Bawalpindi-JIurree- 
Kashmir Road has been surfaced ns far as Kohala, the Kashmir boundary. 
Owing to the extended use of tins road by bullock and mule carts, and to the 
hilly nature of the road with innumerable cur\'C3 and “ hairpin bends ”, the 
water proofing of the road, though urgent m view of very hca\y lorry and other 
motor traffic, was for some time avoided bcc.ause of the fearofaccidentsfrom 
excessive slipperiness. This roadrisesfrom Rawalpindi, atl,720fcctnbovc sea ; 
level to Murree (at 6,097 feet), with one section of 13 miles at a grade of 1 in 18 
and then falls to the river Jhelum at Kohala, the Kashmir boundary, at an 
average grade of 1 in 27 ; the total distance being C4 miles. The road lias been 
tap surfaced during the past two years, and it would seem that the misccllaneoua 
traffic, normal to the Indian road, still can use itivith ease, comfort and safety, 
and that with good traffic control, accidents arc extremely rare at all times of 
the year, even in winter when the hills arc frost bound, and snow clcaranco is 
necessary for a period of three months. Bitumen surfacing, is, however, nvoia- 
ed on the steep grades (steeper than 1 ■ 30). 

25 Conclusion.— The use of tar in the North of India for road surfacing 
has proved its value and has conic to stay. In futuro roath of more permanent 
and solid construction will probably bo necessary ni the mtenxity of traffic 
increases : moreover since rortland Cement i«« luniiufurtured m the Frovince, 
the construction of concrete roads nppeam tobo tbo solution. But imtial costs 


arc a very great consideration. 

20. Road loans arc under consideration nn.l It may Ih' that as a 
result development will proceed on more modern Iiih's and recurring inamtc- 
nanco charges bo reduced to much smaller proporlions.^ But thn can only 
be an achievement of the future. Meanwhile the silimtnm i. being s.ave«l by 
the use of the tar. Annual expenditure is bring rrdurrd. the ro.id user, parti- 
cularlythc motorist, is nsnurnlof n perniaueiit and rrh.aldo ro.id. the road 
fabric is protected and jireservrd, nml jmiriie\ " are iiinrVrr and safer. 
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APPENDIX n. 


Tar Surfacing {Tar applied llol). Speeifieationt and conditwn$ {reviiei I93-J 33). 


1. Definition and ^c/ype. — '‘Tarpiirfacinc” Uilwtinctfmm " Tnr pamtiiif'” andconsht^ 


"Strictly gpcakin; it cniMistg o{ prit hHcI t with tar to form a conclomorato 

■or tar macadam, laid to fdl all irrcgaKritioi in tlio watir bound macadam sitrfaco and 
bnaging theaamo up ton smooth and PVoawat'‘r-proof surfoco. 


2. The ideal surface for tar surfacing . — Thn water bound motallod aiirfnco to bn treated 
shall be true to camlter, frrxi of pot bolea, ntU and othor defects, atich ns dusty or wot 
■patches. In renowinc metalling no earth or sand ahall bo ««od ns n bitidini' inatonal nnd 
the consolidation shall Iw carefully oaocutwl ao to piwnnt na smooth nnd ovon n 
surface ns j'ossiblo, w ith tho motal n oil compactwl. 

Stone that prodiicM a " Glossy *’ or very Rla’od surfnos on fraeturo shall be avoided 
for use as metal. Tho best wa*er lintmd inncndam for tarnurfaemg is pro lucod by tho uso 
of Pathanhot or Jammu quartzite blinded with hnnl bouldor lime atone bnjri ; but when 
the latter is not nviulable, limo atone bnjri thoroughly clean anil froo of dust obtained from 
«carifying the lime atone metalling may bo mod. 

3. Dust and Dampness. — The<o two factors aro tho groatost onomies of tins class of 
■work and shall bo rigidly avoided and guarded against ; a.s any iliist or dampnms in tho 
surface to bo tar surfaced w ill spoil disaster. 

“ overh 
applyin 
tia&ufa 
shall ea 
'heating. 

5. Plant.— Suitable and sufDciont tar heaters, sprayers, measures, spreaders, sqiien. 
•gew, straight edges, templates, cords, barrion*. brushes (hard and soft), slmll bo duly 
■^ranged and collected at site, before (bo actual heating of tho t ir is commenced. 


6. Oenetal Korking instructions, 

(a) Sufficient materials and plant having Wn collected carefully oxamino 


t(6) Tho berms having boon repaired and brought up to full formation level and torn, 
plate (except svhen thoro on* ronsons that ihw shall df”*" uflf'f far sur* 
facing), and having arranged for tho passago of traffic ei l.or along the berms 

•or along a temporary divorsion for llioi-irio.! tho tnr siir|nelng Is in {.rngrcHs, 

•nlaee ro.vl-eloscd bnrrieni to onchssi ono furlong of (Iio road, and then 


has set sufficiently. 

<(c) T'-‘* "—-'I loirsfllnaltallliornrefiilly Mamliicil n«»t day and any 
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j*/) In the ca<»o of renown! of old tar snrficins. or is comnionly known a» 

second or snhsc'jnent coats, all scaly or dotachod patchei must bo carefdij 
removed and ropurs owciited as Indicated in paras, (a) and (c) above, before 
tlio renewal coat U etarted. 

(e) Iso sand shall bo used in tar surfacing or in repairing tho same. 

n .yter compliance with the fore- 
itcd. with bard and soft bruibes 
. • impair the adhesive action and 

■ • _ _ • . and maintain temperatnrowli:!? 

eppVin" surface, mark out tho extent to which tho quality of tar is to be spread ac- 

cording to tho capacity of tho tar-pounng bucket in use, so as to ensure that an areng* 
of 0-25 hundredweight of tar shall cover lOO square feet of road surface. TboponnMcf 
the tar shall he started at tho ndgo, or highest point of tho comber and continued totbeedee, 
and caro shall bo taken that the whole metalled width is covered and that no tar goes t> 
waste on tho berms and that tho edges are straicht and not ragged. Spreaders of sqneegw 
shall then bo applied so that a coat of oven thickness of tar is ensured, when tho pnttu^. 

which shall consist of J inch to J inch gauge bajrt {Haro river shinglo) shall be done by 

means of spraying ” or " throwing ” the gnt in an even thickness over the coat of tar lai^ 
which it will sink and to an extent that will form a compact conglomorato after rollm. 
The averaco amount of such grit shall bo about 2 cubic feet per 100 square feet treated, 
Tided at all times that no “ sweating ” or “ Hungry patches ” shall occur. HoUing 
light steam road roller shall bo start^ and continued until the tar and grit form a compM* 
mass as a true conglomerate. As soon as this tar surfocing has sot sufficiently, traffic nsy 
be allowed over it and the work completed as under paragraph (0). 

8. 5eeond a»<d suiiejuent coafs.— The operations shall be the same as for the 
initial coats except that m place of 0-25 bundr^weight of tar, the average amount will bCj 
0*1 hundredweight per 100 square feotnnd the grit sbsU he i inch to | inch or conn* 
elean Haro shingle. The average amount of such fine gnt or sand shall he about one cubic 
foot per 100 square feet. 

9. Jiafts and condifione— 

(u) The rates include all cost for finished work, but the steam road rollers, templet® 
road barriers and tar boilers will be supplied on loan free of charge by Got* 
cmmcnt at tho nearest godown or storage place and the contractor will 
arrange his own carriage to and from work and will return thorn in tho condi* 
tion they were supphed. excepting for fair wear and tear. The running 
expenses of Steam Boad BoUer including the work charged establishment 
employed on same shall bo recovered from the contractor from the day he 
takes it over to the day he returns it. 

(6) An y temporary diversion necessary to keep traffic off tho berms shall, if directed 
by the officer-in-cha^e, be made and maintained by the contractor on terms 
that shall bo approved in advance. 

(c) The **- ‘ »■>*» — -* , 


leakages that may occur during his handling the tar. If the tar is delivered 
to tho contractor at roadside then tho cost of c.'vrriage for the whole lead shall bo 
roccrveredfromthecontractoratthe retes enteredlor carriage in the agree- 
ments less the contractor's abatement. 

(«f) The tendered abatement shall bo levied on all the rates included in the contract. 

(«) Tho number of miles entered for the treatment in the contract shall be subject to- 
alteration aa may be foand necessary. 


1^6 


Wf. S. G. Stubb$ {ihc /Itif/ior): Mr. Chairman and gentlemen: Both 
Wr. Trevor-Jonos’ paper and mine were written for the International Eoad 
Congress and have merely outlined what was done in the Punjab and 
indicate what we hope to do m the future and they are in no sense a 
thesis on roads. 1 have little to add to what has been said in these papers 
but as far as my own paper is concerned, I would like to emphasise that 
opinions expressed in it are my own based on my own personal experience 
and are not the considered opinions of the Local Government or of the 
Chief Engineer. There has been some misapprehension about the speci* 
fication which has ^ecn described by me as water-bound premix which 
i' referred to m my paper and which was criticised yesterday. Tliis 
ciisconception will partly bo removed when I soy that the specification 
is water-bound premix and not inud-bouad premix, tho process merely 
consisting of spreading a 2-mch tar or bitumen carpet on to water-bound 
road. The greatest care is needed in the preparation of the base upon 
which the carpet is to be laid. The base must bo firm and stoble but 
unblinded and the surface of sufficient open texture to permit the carpet 
to key on to it The object of water is to facilitate interlocking but ft 
should not ba used in excess otherwise mud is bound to be forced into the 
narpet with disastrous results Some 20 miles of this specification has 
been laid in my circle and there is only one case of failure and that was 
on the Kalka-Simla road, about miles from Simla. Tho chief reason of 
this failure was duo to the fact tliat tralBc was not kept off the base during 
the construction and thus interlocking was impossible. Besides, the metal 
and chips in this particular section of the road are very soft and are easily 
crushed It is really impossible to lay any sort of carpet under those 
conditions. This specification has been described as unscientific. This 
description is far from accurate. It is no less scientific than most other 
Mrpets which are just ns likely to fo'l »f they are not properly laid. Bast 
wsulls have been obtained from this specification on Knnkar roads where 
<otnplete grafting is effected. That is all I have to say at the moment. 

The folloiving paper was also submitted for discussion. 



{Paper No. 5.) » 

Aspitalt Hoads. 

By 0. 0. G. Adami, B./I. (Cantab,). 

(Bunnah Shell Oil Storage and Diatribuiing Conipamj of Indi'^, Lid-) 

1. TliQ intention of this paper w to present n brief account of tlir 
development of the various tjpos of Asphalt Hoad Specifications that 
have been laid or aie now under trial m India. The underlying rca'oas 
tor the development of such tyj»es of construction r\ill be discussed ana 
an endeavour made to explain where they have succeeded or failed to 
niCet ccitam conditions winch are tvpical of India as a Mhole or are 
peculiar to certain parts of India only This entails sonic consideration 
of the factors which control the selection of suitable spectfications, factor? 
such a-.! tvpc and intensity of Traffic, avaibabilitv of suitable material?, 
economic considerations, etc 

2. An attempt is also made to indicate the types of construction vhkh 

appear most piomismg as solutions of road surfacing problems in India 
and which deserve prior consideration in experimental works to be carried 
out m the near future . 

3 Tins is the fiist Indian Hoads Couglt•b^ uud theicfore, reference 
Cannot be made to earlier papers dealing uith the basic theoues and 
facte of the technique of Asphalt read construction Since, however, a 
true appreciation of the functions of the stone and the binder is essential 
to a piopof underetanding of what follows, it is necessary that these 
should first be iccapitulated albeit as briefly ns possible 

4 I'htncfioji of the atone — Stone is the traditional road building niatO' 
rial and probably will always lemain so, it is the Stone which carries 
the trafBc and, hence, all other things Being equal, the iiardost and 
toughest stone vmH make tlie best road As will be shown later, the 
most importunt consideration in the selection of a suitable opccification 
for given traffic conditions concerns the quality of the available stone; 
the importance of this consideration is obvious m %icw of the fact that; 
it is the stone which is going to provide the wearing quality of the road 

5. The Stones form the weight carrying skeleton but they require 
to be keyed tightly together to provide lateia] stability othenvise they 
will ravel The Eomans obtained lateral stability by using dressed stones, 
such as Stone-Sets, etc , which fitted tightly together and prevented 
mo'ement but their cost to-day js piohibitive, except under special circum- 
stances, especially m new of the fact that they require a rigid ioundatioa 
to provide a smooth surface. Macadam discovered that if small frag- 
ments of stone, broken to different sizes and of irregular shape uere spread 
and forced tightly together under a heavy roller, they would key together 
and provide sufficient Inherent stability, through interlocking, to meet 
tlie requirements of the traffic of his day. 

0. His theory amounted, in fact, to the reconstruction of the solid 
rook by the use of stones of different sizes in such proportions that the 
smaller stones would fit into the f>pace« betiveen the Iniger stones and, by 



fittmg tightly and haring their own Aoids filled with still sjnaller frag* 
meats, Mould wedge the interlocked stones firmly into position and prevent 
their displacement under traffic stresses. Tho inherent stability of the 
ma'^s IS dependent on the interlocking which, m turn, is inaintauicd by 
the wedging of the fimnllcr fragments: so roon, ho\\e\cr, ns the stones 
are free to move through di'piacemenl of the wedging material or are 
forced to mo\o under iicavj loads, there is no stability and the road 
disintegrates 

7. This theory is still the fundamental basis of nearly eseiy typo 
of road construction Macadam used water to w-ash his %ery smallest 
wedges into position while to-dax a binder. Asphalt, Tar or Cement, n 
generally used to reinforce the* interlock and prevent moMunent and 
displacement. 

8 Fimcfion 0 / the Anphalt . — Tho interlocking of the stone on a road 
can be destroyed m two ways, namely (<i) by the wedging matenul 
between the interlocked stones bomg removed, in which case there is 
no lateral support for the interlocked stones and they move out of 
position, and (6) loads which arc gte.atcr than the inherent stability of 
the Wedged and interlocked stones can carry , such loads by sheer 
tnagnitudo force the stone* uiid theii wedges apart and disrupt th'» 
interlock. 


9. Briefly (a) is caused by fast traflic, the wheels of which suck the 
wedging material from out between the stones on the surface sun, wind 
tnd ram aUo help to di«lodpc this material In (a), tliereforo, disintegra* 
tion commences on the surface and gradually work« downwards In the 
case of (6) tho damage is gcner.div duo by slow moving, nniTOW iron 
*3'^C8, the small bearing surface of (lu narrow nm intensifii-s the load 
and disrupts the interlock by sheer weight 

10 A combination of fa) and (»*). that is a roid enrrvmg mixed tr.ifpo 
is the most disastrous for the fast traffic loosens the siirm>'e for tlio 
iron tyres to break up 

11. The cure for (a) is to Ire.'it tlio surfneo ot the road "itt somo 
'““tetial tihicb mil torni a protectne shm nnd prevent the tvedgmB 
material being removed. Such n slin must bo imporvious to 
moisture, must not “weather”, nnd imi''t be suffioienth tmu 1 0 
^ear from traffic using tlic road for. the moment the sk.n is ) oKen, t 
material wedging the stone mto pnsifon i. erpnsed baWe to he '''■mfvfd 
2nd 60 allows the commencement of disintr cration us pi 
ment is known as surface treniment 

;(licn the wedging effect of th-^ 


12 In the case of fli). "i onler to slnuictl 


stones from being 


Hmaller stones and hell. t.. end" winch: 

.. . 4.^ irt.l nrevent 


hold the stones together anil prevent 


isrupted, a binder Asphi'h. 
tpough its binding powt' 
fheir displacement. 

18 . Ttfo tape- ,./ 

from the foregoing, therefor. *fr' surface of the road only 

construction namely 01 Vsid.idt mto the bndv of the road itself 

^d ( 2 ) the incorporation of th ' ^ displacement from traffic 

‘O increase tlie resistance of mnnv rnrieties of these two 

tfr^ses. There arc. of course, a erent mtm 
ninin types. 



l‘J8 


11. ''I Oi’itsInk’fK’H «?<■«/ in /«»/m tjj' to Iti Imiin, up lo 

H’.'iO, ouivulo ouo oi two Itirjji* oilii’-* niul ^Olm‘ Hpui’iiil woiKu ••uoli «•« tli? 
rawiipoiv-.tlinuvi llojul und tlio Kill ]t«r ra'jout llu'ru wuro onl^v two 
Ivl’o-* o( A«i’lu»lt oou‘5tnU'lioii UsoJ, naiiu’ly, Sin^lo iiinl Ooublo CV;U 
ymftioo f»'i‘ lijjltt trnllio ivjol'-, nml iiioutnij^ or ^oiuiliunitii!^ 

!ov nu'iUvnu uiul lu'.wj linOto ri'niN, TIio foriiiur nuMoly oou’^i^ii'd ot tli-' 
tiluviViUus ''f u thin ltn<'r o( in olthor uno or two oo.-ils ou tli'’ 

j»uifi\co o( tlto ii>!ul uuil blliniinf: with slono or I’ujri Tho latlot 

Wi\n «m ntt'Mnpt to m»'''*H'or.ito tlio A*-l‘l>uU into t)n' l»oily of tho n>;u1 Iw' 
thwt fspiviniin^T tlw» t>tou«''« nnif thou I'ouiiiiir tlio A-Ji'Inilt ov-'r tl'oin s'“> 
tlitvt it wcntKl tiiolslo tfowii nnU o»v»l nil tlio stono>5, I'illior Mot A'^plnit 
rr J'nniUilU'ii Anphult wa*» n*5o»|. 

ir». Tin-* i'ouo>l waa tlovoi«l of any o\|‘oimu'nlt, with now n'ooiriontioni 
r.iul ix'ally ninonutotl to boin^; u j'orioil during whioh IiuHtm ioiulitious 
Avoro boiiur watoboii aiul tbo dofoo!.* oi Iho-Jo inotluHl-t to moot looal ootuiu 
Ik'us jitndioii witli a mow to a^’ortainnig what would bo iho mO'‘t priOnisuig 
iino of lAponiuont 

10. (Vihoijui of v'''nj-;lr <V.tf Tho soopo of Slug^^ 

Coat 8urf.tco \n»a boon found to bo doi'miloly liinitod tindor uu' 

following hoadiujM 

(1) A 8ingln Coat of J'urf.u'o 1>rt'«’«ing n'tpnrx's to bt* laid on^ a 
woll vMn«otidatod inao.tdain road, or a M'rfaoo whioh oontaiu* 
plonty of firinly oinboddod niotal or ghivol. othi'rw*i«o « 
pinning ooat in rotpnrod which udd« to tho (,\«t 

t,i!) Sinoo a biuglo Cv'at 8mt'aoo l''r\"'<ing »<» usually i.miod out 
at not mojv than l.Jtnl gallon por ^sd. tho tlliu dopositod 
IS tlim and. thcrofor.', the* contour ol tlio tr\'.vlod tmf.ioo wUl 
ovMifoun to th.u of tho base. Honoo if a smooth, true surface 
IS iT»ivur\'d, it is nocossar,\ tlrst to ro.sootion the bii'-o. This 
inoiuvs that tho salv.igo xaUio of an old iv.ui often h.is to be 
saontiood. bo^dos tho ONponsc of ri'*sootiomng. 

({>) The niin of Asph.dt being thm it can onl^v bo oNpiatod, in 
all fairness, tv) cairy motor tralUe witli a \er\ niinimuni 
of irvMi tvrod traftio'. livu C'ia's ijuiolvl,\ out throxigh the 
Ycrj* thin film. 

(4) Tho arguinout is advanood that, booamso a 8mglo C:at Surf.xco 
ptA’s-snig is iuiti.»lly moAponsivo ami the iv^t of repamtirg 
low. it'is eho.a|Hv«t m the long run to lay a sm.do i.o.it and 
rx’paint fi\Mu joat to ^ar v'r every two >oars v>r Ihrw veal's 
doponding on the AvUnno of tratllo. The x'fToot. bowx'vcr. 
of rx’p.niiting is ewntu.ilK to build up a thio'v m.il wliioh 
is oxeo<''i\'Oly rich in bitumen rnd will wave and xvrnigaiv.' 
undor traiVio. 

17. hVo.MariO'i.j.jttVi.— Singlo Coat ^urf.voo l'*r\'><inc should •■'uly bo 
v?od in oa«'s whoni tr.uVio v't rubber tvm.l voliiolos with only 

a very small poroxmtaw of light itx'n tvtv'd tratVio. ^ ^iucl,. Coal Surface 
l')re«'«'mg is the ohoapi'<t tTp.-» of A^i'halt OvUistniotion and is .•'f dotluito 
vrduo v'u oort.ain Hold tntuoVT\l r\'-uV such as Cantonment .uid purely 
re<i>lontial road<» whom irv'n tyred traftu' i« lawly otv'hah'd. If it i< 
found tliat a rinolo wit will nc't l.i«t more than tw,> M'ars without 
repainting then an allomativo typo of wn^tniotion shonld bo vmn’<idon''l 
T\x N revvminoudod further on. 
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ly. Cnticistn of (i<o codf tutfacc — (1) Whereas by using a 

Urge size stone J' to 5" (or bliiiiling the first application of tlic AspJialt, 
ao appreciably thick mat cfJi be built up which will cope "’ilh certain 
unevennesses of ilie base, it is gcncrnlly necessary to ro-^ection the 
base before laying the tlrossmg. Tin* co^ts money ns wclj as losing the 
salvage value of the oM base. 

19. (2) An c\ci.‘'‘-i\ i' «jnautity of Asjilmlt has to be used in two-caafc 
surface dressing e\cn to obtain the to thickness of the construction, 
AlJoa'iog a first application of ^ galioii per sq yd and a second of l/3rd 
gallon and blindage nl 4 and 3 cub. ft. per ibo sq ft it means that 
approximately Go lbs. of Asphalt nre required to coat and absorb say 
7 cub ft of stone or a little more than 0 lbs per cub ft By methods 
described later on, it would be possible to coat 20 cub ft. of stone with 
the same quantity of .^splinh and so build up at least a IJ" truck mat. 
The method therefore is most uneconomical 


20. (3) Although tins method guov a stronger surface than single coat, 

it is not strong enough to cnrrv anv appreciable volume of iron tjTed 
traffic. . . « r 

21. ifecofMnienrfalion.— -Two coal surface dressing eliould be discontinued 
for it is a most uneconomical typo of construction and does not give value 
for money. 

22. CriiicUm of grouting tncfhode.— As already pointed out, Groutmg or 
8emi*Gpoufing was emploved universally in India prior to 1030 for heavy 
traffic or medium lieavv 'traffic Whereas very satisfactory results have 
fceen obtained with this’ method on all except very heavy trafficked roads 
it has two serious defects, namely, that it is a wastefully expensive niethod 
■snd also that it can never liope to cope with really heavy traffic The 
reason for both these defects is the same, namely, that on excess of 
■Asphalt has to be used; that is to say an exce«s ns compared to other 
methods. In the grouting or penetration methods the stone is n^st spread 
vn the road and the Asphalt poured over it m order that it may flow 
^ow-n through the interstices and reach and coat the lowest Invar of stone 
Jo fhe case of Hot Asphalts, the interstices between tlie stones have t> 

left rather wide so as not to impede the flow of the quicUv cooling 
Asphalt and hence, apart from the excess of Asphalt due to the fact tliat 
some goes merely to fill the voids, there is no 

Ihe use of small stone would block the interstices \ 

matters are improved because the emulsion, being npp ' . . 

^iscosity. will flow down through comparatively small interstices and 
therefore a dense graded stone can be used. 

23. Generally BnoaWng, a 2}" consolwlated Rrout require at least 1} 

Pl'oa per sq. yd^ lor H o grouHng. oxcl..a,vo o O.o eubs.qnon l .eal. 
■Jllo^mg 25 cub ft. of .tone per 100 aq ft >' 

■'•Pbalt per cub. ft. By other method, Thrlnioe 

•'quhed and a Baying of r, gallon'! I>T »l Itt Zl 

■quaafity of emulsion would be required M ol Hot A»r' would 

!■ (hough the quantity of bitumen deposited w-ould be 

Still be the extra cost, because of the ovfm •• P®h ^ 

>» Sq. ft. 

21. The Bsme arguments apple in the ease of a Femi Grout 



25. Conclusion. — ^Tiio Grouting r« nctr.ntion method is n tlioroughlj tic- 
econoinicnl metliod apart from tho fact that it doos not provide tne same 
strength other inotliod'? wliicli aip tp be dL“!eril)cd; in fact tlio excess of 
hinder ^\llich innhc<s it uneconomip.il ako i^ •letriinentnl to the strft'pth for 
it acts a lubricator and, under heavy tratVic, ua\inp occurs, (hoiitmgb 
now nhiiosi entirely discontimicd in India. 

20. 3’ rend of spt ei/icution# since lOcO . — Since It'OU, cxperiinontction has 
been earned oui, bolti olYiciaUy and by those couuncrcudlj interosud, with 
0 view to finding suitable bjiccifications which will allow not only the 
laying of a denser and. lUeiefoie, stronger mat but aUo u ivduciiuu la cos»s 
by using less bituimu The dIimous liiiMtis of acliie\itig liifso to pp'" 
co.it tbe f>tuiu“v h'iole luiiug il c'li the ioa«l Ileiice iwiieiinu-nts !i.n-' 
almost ontiiol\ bten directed m Hits direction: there have aKo been 
c.xperuneiits wlni^t obpH t was to uicn.tsf the density without ir.utcri-'hy 
reducing tiio ^juaniitv ..f tiindei. hut .n ’such cii«cs thcic ii.uc btt’n 
extiiincous .•luuiust.mns wliuli < ii.ibh-d 6.!i\ings to be i-hcctcd 
hi iitlwi dui'etum, ih ni n the siMnc “f biiulei Armour Coat and retreadj 
are cxainules tlu~ Those will be de.alt with later. 

27 .b(r(7iif<i.7t ' of p»» - 1 -Mifiiwj dnifrc^'ifc. — Briefly, as already stated, the 
adrantayes of pre.eoiimg tin aegiecan* .up <11 a vtrv di’n®ply cruded agen?' 
gate can be used (2' |»r< -i "atme allows the provision of the thinnest filni d 
hindii consonant with maMimim Inndmy. (hi bv using a thin film of binder 
tlicre i^ a pi\ lug m M>st tin ouch tion m the quantity of binder required 

and ( t) d.ingei of lotting oi w under li.iflic is avoided if tbere is no 

excess of lundei 

tl) .Nb has static! uiiiki I'uuciion oi SiJije’ the ideal is 

lecoiistuict till- solid lock and tl'co loip. the deii^oi the mat the stronger 
It will bo In ordti to ntiain in.iMiuum density it is necossaiy that there 
should bo .V nnuimuui ot vouU uh\ bencu w dcuscU guwled aggregate bhauld 
conlimi fiaginenis •>{ stoiie vaiymy m si/p in their eorreot pioportious from 

to 2* light down to hill suiul ot filler The piuportinns of each size 
retpiiied cull be fumid l>> laLulaUny the peititnt.ige of void? m each gauge 
of stoiv* .uul usifu: onK so uuieh of the biualloi si/e ns will fill tbo yoids in 
the si/e nbo\c. It can « asih be iippmeintcd that to o'.it each particle 
of such a deiiselv giailed .igyiemte b\ liist spreading the aggicgate on the 
roid .ind I'ouring .\«phaU mer it is out ot tbo question, coating nl me can 
be ofTected b\ nuxiiiy with A^dmU m Mutable mixers before being ’’pieid 
on tbe n>ad 

(II) By iiilMiii: till' agL'iegate and binder togotluT in a suitable mixing 
air.iiigein.iiU it is j>os..ibU to ensur,. that every puticlo of nggiogati! is 
ci.it'-d with ii uiufoim film of binder and that the thichnoss is only so 
gr»\U as will pmvide a m.ixhnum bind. 

2d Spuiiil fjii-itilii of l>in<h'r rcijiuVed for jirc-jui'j-mg. — In order to coat 
.an jiygieyatc with a binder it is Meees«ary tint tbe binder slioiild be of 
siifiicioiitly low vi-cositv during the mixing opoiatmn to allow a thin coating 
n{ biTuUr t>. iw lUM II tfi pub jmrtieU' of iigcrocatc. (The question of 
einul-imi'! for tbi^ pui|- m. wdl ho ,UaU wi(h furtliei- on; the followmc 
ri-ni.ark. dial with Hot Aspli dts). If nn ordinary straight Hot A'^phalt 
w--re to [..• broughl m(o e-mtact with a cold nggiegafe, it would nmnediately 
tbicb.Mi anl boconie too viscous for mixing It is obvious, tberefore, to 


jire-coat fm a^prt'pnto it fitlu'r to heat the stone to the same 

teinporaUiro as tho Asphalt or. treat the Asphalt in some way that it will 
not be too viscous when it is mixed with the cold stone The foimor is- 
known as Hot-Mi'* and the latter, foi want of a tictter name, will Imre he 
called Cold Alix although it is only the stone which is cold. 


‘JO ifof-.'liJ. — Until coinpaiativoK itoeutlj all pre-mis work w’as done 
ou the Hot-Mix principle iJut to heat the sloiie to the same temperature 
as the As-phalt icquires a %cr\ largo, expciisi\c and cumbersome plaut which 
at the best can only be hcim-sstnliouarj. Such u pumt, Ihetefore, can oolj 
be justihed wbLre there is annually a huge pioguininc of pre-mis within 
a radiui. of a few luileb of the depot in winch liie plant- is situated It 
is only m large Mumcipuhlios such as Bombay, Calcutta, Madras, etc., 
that such a state of alTairs exists and the cstablislunent of a hot m's plant 
is justified As this jiaper is clnelly concerned with r^ad woik ouis de 
Municipalities it is iiol noctssurj to make fmtlier reference to Hot-Mix.^ 
In new of recent dc\clopmciilb in cold imx methods there really is not 
now any ad\anta”e ui the Hot -Mix mctlioi except peiliaps m dealing 
sheet asph.ilt , jirnliahh a lathui thmmi hlui can be given with hot- 
mix than cold mu and, so shows some saving m cost, otherwise there ‘ire 
few real .idvaiUagos Tho i >st and l»ulU ot tli • pi.mt put® it out of tonsi* 
deration for wurKs in India outside tlu AlumcipaUiies 

30. Cold .Mir— Here the stonv is u-ed co.d and tli.’ Asphalt lus to be 
specially tieatud so that it does not lieeomc to. mscous during the^ mixing 
operation. This i-/ uciiiovtd by adding a solvent, generally of the Kciosene 
or Gas Oil type to the Aspiialt. This is known us Cutting Bock and has 
the eflect of thmnmg the Asplialt so that it remains of low viscosity even 
at comparatively low toniperatuics After aproadmg on the road and. 
consolidation the solvent goes off leaving the Asphalt of its original penetra- 
tion The quantity of solvent used winch is one of the most important 
considerations depends on a number of factor> wdiich aie discussed ttiUy 
tinder different heads Tin* iu>»f solvent thd is uvetl, the easier is the 
but the loiisrer will the load take to harden up or “Set 


31 Ejiitfhi.oi I/iTM — RnmUious aie of lew vKtoMtv at normal temper- 
atures and therefore there is no que'>tion of thickening from the 
teiiiper.ituie point of view But theie are two important con^derations 
in regard to emulsions for mixing purposes, namely (1) rate of break an 
(2) viscosity. 


(1) “Rate oj Bico/.’’ — Normal emulsions aie of the _ quick break 
variety and. if thev were used f t mixing wdth aggregates consisting of gradeu 
particles, thev uouhl break almost immedutolv the Asphalt would 
coagulate and there would be no proper coating The greater the percen- 
tage of fines 11 , the aggregate, the greater is the effect of breaking th 
emulsion The mixing of graded aggregates necessitates the use of a «iow 
break" or stable type of emulsion 


(2) Visconti/— Consideration has to be given to the viscosity of the 
t-mulsion m pre-mixing A coarxe aggregite requires a more viscous 
emulsion than a fine a^sregnte. such as sand, because, if the emulsioD 
too thin It tends to flow frecU off the bis stones before deposit, ng a thick 
enough film of Asphalt Tc coat finos it is necessary to hive a thm 
emulsion and the viscositv is often »edueed below normal by dilution 
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Those fnciors ri\|uiro spooial attomion and ilitToront coinbiuatisns cJ 
coarse and tino cgcrripito? roiixnrc duTcrent visco^Uios of cmnlsion; thu is 
usually done by inaTupulating the viscosity by dilation wiUi crater. 

G-. r.'cuf ro^’cjjrovi /or prc-nix/np.— It has alroady been rnentioned 
ITot-Mix requires an oxjvnsivc plant costinc at least Us. 50,000, in order to 
boa: the stone; the following applies, therefore, to the cold mix types. 

ivd. — The plant for mixing the ngurt'gate and the cut'bark 

depends very largely on the porvontace of «olvcnt in the eut-baeV. A 
heavily cat-back -Vsrhalt mixes easily and mixing can Iv carried cut euhfr 
by hand, in a concrete mixer or in c-scilLititig or ri'wbinc qiWgallon dnims- 
\Vhon the solvent (n'>ntent- deves not cxciv^l 10 per cent, the a''pha1t ^u’a 
be tco stiit to mix easilv ani a png-mill type of mixer is required. 

Gl. The qncsti''n of plant is an important one and vill be mentioned 
again later for it enters the disou^stoa oa the question whether a qatek-set 
roa.i. winch entaiU relatively costly plant. i« of greater demand than a 
■s^ow set road which requires cheap pl.ant 

Go. Actu.ilh, .apart from the initial cost of about Its. Ci-OW for a pw** 
mill type of mixer, such a mixer will turn out l.V to 200 b.alches a day. 
each of 5 cub. ft. eapaaty. making .an output of 750 to 1.000 cub. ft. per 
day. An oscillating drum at the very m'st wiU turn out IPO cub. ft, and, 
therefore. S to 10 drums are required for the output of one mixer. Thss, 
liowever is all referred to hereafter in greater det.ail. 

GO. fTi'JMlssea. — Oa-ing to the low viscosity of emulsion* miring c.an be 
•done by han.h in slrums or in .a concroto mtxer and no difncxillies ap-arf 
from the adjustment of the viscosity gonenllv a"i«e, A stxble omul'*iC2 
therefo’'e h.xs a di«tinet advantage ever cut-baclcs fn^im the point cf view ct 
-e.tse cf nxirinc by hand, rdthough if dc'ne in a mixer- the cut.pxtt vvuld be 
tr.arcely greater than in the case cf cnt-Kacks. 

GT. D::'y>.a rrcce<«. — >rentioa ruts: be made here to the Ttippinc 
rrooess a.s a means cf coating aggrepitoj with emuls^'ns. Ry this process 
the aggregate is place.! in a perfemted bucket and diprevl into the emulsiv'n 
until ail parfcles have come into contact with tb.e emulsion. Excess is 
then allowed to drain cit and the c'atc'l accreg-ito spread cn tb.e road. 
The purpv^se cf the Pipp-nc Process is to avoid the stone conxing in vident 
contact with the cruulsk'n, as would occur in crdin.xry mixinc. and so cause 
the emubion, wb.ich is net a stable one. to break; in ether -wcrvls it is 
X’.s'd in css^s where it is desire! to ebtaia a pre.co-ited enect with a quick- 
break, unst.'.ble cmxilsion. Further refererce is made to this preces?. 

G?. Ti'p."* .>f ?'V."ifr — There are three main divlskr.s cf pri'-mixes 
r.Tx'.iksble fc- roa.! ccr.stnjctim rxrrposes in India;— 

1. Ti'.e c.-xcrele type — Asnhaltic concrete. 

2. Tin' Afacadam type — ^.Vspbnlt Alacadam. 

G. Tb-' Glnvt or sxnd cxrpet tap-'. 

It is v'ce-s '.ry to exrlxin th*'se 5n s.-'me d'tail fer a ib.-'-onch ur.d.'rstand'nc 
IS e<s'nt‘'.l when cc".«Me-:r£ the most smtable types cf construction fc? 
c.''r*.'dn conditions of tranic- acrregite. etc. 

o?. 7h' iyrr . — The concrete type aims at density .and. there- 

fore. :1 e .njTorerxte gencrrlly consists cf corcso and fr.*e acrrec.xtes in snnh 
prep'-ti'r. t’'-t 5Ju-"v ii a ir.m-rxxim r'{ vci.!s. The types cf r-egrerate us.-d 
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consists of stono, cluppintcs, sand and filler, tho intention being that the 
chippings fiil tlio voids lu the Rtonc, the sand tho ^o^ds m the cliippings and. 
Hie filiiT (iic \oiIs: in the <»'md. The thooretieal proportion of each of these 
hiferent sized fragments can easily be calculated by measuring the voids 
n each of the different sizes: theoretically, therefore, it is possible to 
produce a voidless mass for the binder will fill tho voids in th© filler. All 
crfliodox text boohs on the subject of tint design of asphaltic concrete 
impliasise this necessity for density by tho use of a very carefully graded 
iggregato and al! hot^mix asphaltic concrete jobs follow this theory religi- 
cusly. What follows !■? a porbonal opinion but, although it is rather against 
ill orthodox theories on the subject, the opinion has been developed during 
1 very close study of the behaviour of asphaltic concrete roads in India 
ind experience with constractions following tUi <5 new theory has been amply 
justified. 


40. ^Vlule there is no question as to the soundness and correctness of 
the iheorij of eliminating voids by the use of a carefully graded aggregate, 
there is a very great difleulty when it comes to practice. The quantity 
of each sized aggregate cun be determmed easily and correctly enough by 
measuring the total of tlie loids in the stone whose voids at© 
to be filled, but it is impossible to measure the size and shape 
of the indi\iduGl voids into which the individual fragments of stone 
are to fit, for instance, suppose the largest size stone to be used is o^ 
li" to 2* gauge and the volume of voids in it found to be 45 per cent 
then, according to the theory, the quantity of the next size should be 45 
per cent less the volume of asphalt required to coat the large stone and 
intermediate stone But neither th© theory nor the void test gives any 
indication as to what size of stone should be used for the purpose. Herein 
lies the difficulty for obviously, if too laigc a stone is used, instead of fitting- 
nito the void formed by the interlocked larger size stone, it will prevent 
the larger stone from interlocking tightly together A further difficulty in 
practice is that while it is simple enough to put the ingredients into the 
mixer in their proper prop irtions. when the m/x comes out, especially Dfte^ 
spreading on the road, there is no means to ensure a uniform distribution, 
of tha ingredients on the road in other words to prevent segregation. 
If there is segregation then all the toil and trouble of calculating voids, etc. 
is of no avail. 


41. It must be remembered that the strength of the mat is dependent 
on the interlocking of the large stone and that the purpose of the smaller 
fragments is to fill up the space between these large stone and prevent 
their moving, if the effect in practice on the road is for the intermediate 
fragments to tend to get between the large fragments mt^fere with 
the interlock, thev are doing more harm than good There have been 
cases in India the asphaltic concrete on the Cawnpore-Jhnnsi road laid 
m 1925 bein" an example where a most carefullv graded asphaltic concrete 
containing the minimum of voidq and the correct percentage of binder has 
cventuallv tracked under concentrated bullock cart traffic; similar cases 
have also'occurred in Bombav and Calcutta. Investigations have sho^ tlmt: 
there was nothing at fault with the grading of the nggregnt^e and that the 
correct penetration of binder had been used; it was noticed that the twckin|- 
only occurred where them win. verv heaw iron tvred traffic ^hieh followed 
its own tracks TTradunllv the thcorv was evolved that the tyres were 
breaking the interlock of the stones and pushing them apart; the mterlocV 
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traffic In ^■\c^v ol tliP fact that it contains no sand, considerably less 
asphalt is required and it is therefore a cheaper typo of construction. 
Asphalt macadam consists of n base course and a surfacing course, the 
latter being required bccau«o there are more open voids on the surface 
through the omission of sand; the surfacing course may cither be of coated 
ehippings or of a liquid seal. 

Base Cowrie.— This consists of two s>*es of stone, o large stone which 
provides the interlock and a small stone to wedge the large s one inm 
position. Here again there is danger of the smaller stones interfering wi 
the interlock and thc\ should be used rather sparingly especially if the 
surfacing course is to'consist of coated chips. Generally speafang, if the 
available stone is of pood hard quality, the composition of the base course 
should be about 05 per cent ni large stone and 35 per cent of the 
The quantity of asnlinlt that the stone rcquucs is 3 to 3i lbs. per cub. tt. 

It Simula be" explained here that there is not the same concern with regard 
to the smaller stone interfering with the interlock of the large stone as 
m the case of the eonerote tv,,es hecatiae the mocadem conrtrurfioa .» not 
Stcnerally used !m- such henvv Irnfrir and so con better oBord a slight inter- 
ference with the. interlock 

Stitfadng Court'.— As alrcadj inintioncd there are tno tvpes ot sur- 
feeing course and these are explained below 

Liqmd Seal— After tlic liase and 

surface is blinded mill dry ehiiipings at about 4 cub ft per lOT sq ft. ana 
Tolled again The object of these dry chips is to fill the a - .nnlied 
help to key the stone in the surface into position A seal s then applied 
at about J gallon per sq yd and blinded with fine chippmoS 

J/iTcd Of.,,, Seal -In this method ns 
and rolled i to ith inch chippmgs coated ^itb Asphalt t 

to 4 lbs of asphalt per cub ft are laid at e reaUv little 

100 sq. ft and rolled 'lell into the base course „,.es 

To choose betuoen tlie mixed aod the liquid sea e about 

Jtom 21 to 24 lbs of asphalt per ll« sq ft : expected o 

30 lbs but, ,1 the uork is to be don. shortly ''fX ^a,e,l 

If there is not much fast traffic on the road to P ^ 

'hips, it is TViser gcneially to use the hquid seal nhicll en 
plete seal immediately 

45 Sheet Atphalt Type — Strictly ■‘Put''"”*]; *,' *('* a°®eeaW*drpth 
construction uses sand only and is »‘Ot usually . immedi '*eh after 
2". A sand carpet Ls a very -ooth surfeee 
rolling and does not require to be rrovm<- verv successful for 

'alue for foot paths, drivers, etc , but it is also p “ Vj tyred 

^•edium trafficked roads in India ami to m^ct certain 

traffic. In India this sand carpet has be not oulv expen- 

local conditions In many parts of India broken st^e 

««-e and difficult to procure, especially m small ^ 
quality of the stone is unsuitable for road jn niany parts 

plentiful and cheap A sand carpet therefore * \ *j,t dis- 

^ India and Willie better results than a « to 

^avantage of a sand carpet is. f Snd the^^o"- the cost is - 

^ lbs of Asphalt to the cub ft to coat * • 


sufficiently thick to cope with most unevennesses on old roads and so 
obvintes th>; re-mak;og of the base and, (b) such a carpet is strong 
enough to cope with the traffic found on most roads in India for it wjH 
ta];e appreciable iron tyred traffic, as much as is generally found roads 
cut'side main cities; it can take m unlimited amount of pneuniaiic tyred 
traffic. 


54. The most suitable specifications for the 1 to ly' carpet are of the 
pre-mix type for they allow variations in the thickness to cope 
inequalities without forming weak spots to a greater extent fhnn other 
types of construction; for instance, in the Grouting methods or uliere tie 
binder is applied after the stone has been spread,, it is impossible to teli 
wlielher there is a greater or lesser thickness of stone over an inequality 
in the base after the stone has been spread, yet the binder i« appHfd 
at the same rate over the whole, resulting in "fat" and "bare" patches. 

55. 2" to 3" Tluchicst — \\'hero traffic is very intense with a very 
high percectag- of bullock carts, it is necessary to build up a thicker 
j*i.it, the tbickress bc’ng dependent upon the traffic. Generally speaking, 
vu'h mats should not be more than 3" and 2V' is usually sufficient Th® 
methods emplcved fo' these thicker mats are exactly the same as ior 
the iV' except that re’tttively larger stone is used. 

50. Gcxigc of stone to be used — In nil road construction metbetds it 
is importano that no stone should be so large or so slioped that when it 
is in position on the road it will be of the thickness of the mat and so, 
of itself bear the complete load of the traffic : no stone is hard or strong 
enough to do this. Gn the other hand, it should always be borne in 
mma that the greater the individun! mass, the greater is the strength 
and, therefore, ns large stone should be used ns possible, consonant with 
tlip cfipulation stated <,bove In other words, the stone should be of such 
a size that everywhere they are two deep and not more on the road, 
fsince it is impossible lo obtain absolutely cubical stones and every stone 
will be somewhat flattened, it may he laid down that the maximum gaug€ 
of the stone should 1 e not more nor less than 2/3rds of the thickness of 
the fnal consolidated mat 


57. Selection of specifications . — ^Tlie selection of the proper spocifica- 
1i<.n for anv road is p»'’mnrily dependent on the traffic using the road and 
it is necessary’ to consider the suitability of the locally available aggre- 
gates from this point cf view; for instance, if the traffic is only medium- 
hea»v but the quality of the stone is poor, it is wiser to use an asphalt 
concrete tvpe of construction rather than a macadam. A second con- 
sideratim is cost and, if the traffic is light it is foolish to use a construc- 
tion which is more expensive than is necessary; at the same time one 
tvpc of aggregate, sa\, broken stone, may he so much more expensive 
than nnither. say, ennd, that it is actually cheaper to use an asphaltic 
or sheet asphalt ty-pe of construction despite'the extra quantity of Asphalt 
that m.*v be required. It is necessary, therefore, to have a clear idea 
of <hp nunntities and types of aggregate, ns well as of binder, required 
for rne various available Specific, ations; a table is given below’ which 
indii atcR these clearly for an area of 100 sq. ft. 
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'Tail* snotring qnantitia of 

methods of eon^truciinn fi>'l to 


reqttirei p;r 100 sq. fl. for different 
n confoVdalrd tki:hnc99 oj^jy. 


of 

Coo«tni''tlon. 

AffTTif^ 

Binder. 

Average 
Binder 
per cub. ft. 
of 

Ageregate. 

Smcl« Co»t Snrtice 
Dressing 

Blindage 

. S 

cnh. It. 

@ 1/3 eal.pcriu.yd. 

37 6 lbs 

7-6 lbs. 

tiphiltie . 

Metal . 

. 15 

cnb. ft 

@ 3 1/3 tbs. per cob. ft 

4S lbs 

5 S3 lbs 

Concrete 

Sand . 

. 7* 

5 » 

©»• 

07 5 „ 



Total 

. 22- 

5 eat> ft. 

Total 

115-61bf, 


tsphalfief 

Metal . 

. IS 

cab ft. 

@ 3 1/3 lbs per cnb. ft . 

48 lbs 

3-6 lbs. 

Macidam 

; Chipi . 

. 6 


© 4 1/2 

26 


lined Seal. 

Total 

. 21 

cub ft. ^ 

Total 

74 lbs. 


■ 'iltle 

Metal . 

. 15 

cnb ft. 

@31/Slba.percBb ft. . 

48 Ibl. 

3-01ba 

■dim 

Chipa . 

. A 


s«ai@i/3e»i.p*r»'i yJ- 

37 6 


Id Seal . 

Blindage 

. 3 






Total 

.« 

cnb ft. 

Total 

85’ 5 lbs. 


b Atphilt . 

Metal . 

. e 

cnb It 

@ 8 1/2 lbs. per cub ft. . 

20 Ibl 

5 75 Ibl. 


Sand . 

. 8 

„ 

© P • .... » 

72 



Total 

. 1« 

cub fl 

T«U1 

02 lbs 


wifcoat . 

MeUI . 

10 

cub ft 

Tack Coat © l/5tli pal 
peraij >d. 

a lbs 

0 libs 

lEnaltioQ 

Chipa 

. 3 


lit application ® 3/8tli 

42 



Grit 

. 5 

.. 

2Dd application © 3/?th 

42 



Blindage 

. 3 


6ral @ l/5th gal 

22 .. 



Total 

. 21 

cub It. 

Total 

128 Ibl 



I -Experience l,a, 


RfaTy Bullock ca't 
Me^nm Bullock Cart Ilcivy 
jlotor Lomcf. 

Meaiura-Bi-jht Balloon Car: 

Heary Motor Lotriet. 
^I^mm Motor Traffic Lijtbt 
Bul'oclr Cart*. 


A.phaltir ConerMo Type of Connructicn. 
3I*rB<l»in Tyr^ Con»lruction Armojr-ooat. 


Sheet AM'b»lt. 
Forfuee DwinC. 


/ 
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ior heavy nulloc’- carts it is absolutely essential to have the densi-S 
possible mi^Jso that tho interlock cannot be disruptecl by the loads ana, 
therefore, the asphaltic couercte type of construction only should be used 

69. Aggregate . — ^'Iho quality of the avni]oble ngprugate plays a most 
important part in the selection of the specification; too frequently m- 
Rutheient attention is t>hen to the aggregate, and specifications are used 
vnlcli are unsuited to the quality of the stone. 

CO. A macadam type of construction should never be used unless the 
store is of tho ^cry toughest vanety or if >^he trafhc is comparatively light; 
the reason for this is that however well graded a stone aggregate may 
bo, it is noL so dense .«s m the asphaltic concrete typo and, if one of the 
larger stones fractures under a heavy vehicle, the stability of all the stones^ 
Ground it is upset bei-:‘use the interlock is weakened and a pot-hole quicUj 
develops 

Cl. In the asphalt concrete type, however, the sand mastic fills the 
vods between the storec eompleteiv and sets so hard that even if a stoa® 
does fracture, the two parts of tlie stone cannot move apart and the 
stabdity is ouiintoined. Stone such as is found in and around Dehu 
appears very hard but yet splinters and f'^actures easily under traffic au“ 
this 15 the reason wltv macadam types have not proved so satisfactory 
ns the asphaltic concrete or Sheet Asphalt types. An examination of the 
surface of Hamilton Poad will show a mosaic 'surface and it will be noticed 
that practicalH everv stone that shows is badly splintered yet, because 
the tand mastic holds them together so tightly the whole stone is hew 
logciher and not allowed to disintegrate. It is always advisable, therefore, 
when there is any doubt whatsoever over the quality of tho stone, to 
use the asplinltio concrete type inste.ad of the macadam. 

r.Q, The table abova shows that actually there is very little difference 
in the cost of the two methods because although the a’sphaltiq concrete 
type may use more li&phalt in the main body, the macadam type requires 
a Si al. 

t:d. Where stone is definitely poor m quality then the Sheet asphalt 
t\pe of constniction ihould bo used because the sand will take the wear 
of traffic and the stono has no other function than to take up space and 
effect a saving in the quantity of the binder required. The above may 
he summarised as foM'-ws: — 

(1) The mncad.a'n types should only be used when the stone is of 

tha very best quality. 

(2) \S’hete theri* is any doubt with regard to the stone then th^ 

asphaltic concrete specification should be used. 

(3) Wlion the :>tone is poor in qualitv then the Sheet Asphalt typo- 

of construction should be used. 

(1) For hcaw trafficked roads even if very good stone is avail.able. 

it is wiser to use the nsphalhc concrete type of construction 

C-1. The following is a table which gives the quantity of binder, cut- 
back required to coat. 1 cub. ft. loose of various aggregates. ^iVTiera 
oiniilsions are used, »t is necessary to increase tiiese quantities bv 15 to 2(1 
per ceni. 
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$hou-ing the of Cut-Bacl: norjiioUj/ required by 

different oqgrcgaics. 


IpCTfCStf. 

; 1 

Giuse. *P. Or. 

! 

1 Wfiatit of 
Hlttim''n 
rMuIrcfl ' 
perc ft. 

Volume of 
Bitumen 

renulred perc ft. 

1) Metil . , . 

1 1 

U'tol* . . 1 2 6to2*9 j 

CftoS Ibe. ^ 

0 040 c ft Aver. 

11 ., . . 

Vbout To*i of 1}' to 1* 2’9to2 0 

»Ud 30*, Ut i* to J* 

3}to3i 

0 052 „ „ 

S) S*na 

1 

About Tfl*i ri**lnc 10 2'Sto2 0 

fnf*h eorotn euil dO*, 1 

pi*‘lfte 1* (OTrui ertth 

‘O j j 

7 to 8 „ 

0 10to0*12 „ 

11 „ . , 

All res'lcK 10 rareh but 2 5lo2« 

»ith«l.oOil5",thrre. 1 

ol r»««inR nif«ii 

•Tten. 

8) to S „ ' 

0 J* e ft. Aver 


.All MMlnc 10 iWo*h but 2'5to5 0 

liiih about 30*, paee- 
Iteeomesh 

Utoll) 

! 0 174 „ 

!) riu«r ot PortUod 
eemsoltyjie. 

•About 50% r**‘lD6 200 2 Bft>3 1 

raewh screen 

IStoW 

0 208 „ .. 

h Tni«r et the 
fni-her dust 
tvpe but 

WeeB'd of 

eouse ptrtlcles. 

AU r»*»In8 10 wr'l' l!''! 2 « to i 9 

containlosatout 50 to I 

40% of 200 ii>e*h 1 

''U'‘h tllleri ate usually 
deflcicQi In the Inter- , 

rnedlate me-bee 1 

1 11 to 12 „ 

! 

i 0 J77 „ „ 


y B — "WTiere emuUIouj *re aieJ.the qusntltlwsbooW belo<t«a»«d by 15 to 20?o 

65. Type 0 / binder.— IbeK arc Wo types ot bmder that can be used, 
lamely, cut-backs and cnauIsiODS, these will be defilt TV'itb separately. 

66. Cut-Bflclva.— Havms selected the type of constructions. Aspbaltio 
^wrete. Asphalt Macad&m or Sheet Asphalt the next point to decide 
'S what cut-back should be used; a cut-back with a low soWent content 
31 a cut-back with a high solvent content. One of the mam factors m 
“ais Consideration, although it is one that is often given to great promi- 
nence, is the question of the plant to be used for the mixing operation 
or a high BoUent content allows the use of any land of iwxins from 
?adets, oscillatino drums, etc., to concrete mixers, while a low solvent 
Mnteut necessitates a proper puc-mill mi>er Before discussing the 
luestion of plant, however, it is necessary to explain the effect of the use 
w a high or low solvent content cut-back on the road. 

67. Low Settmn and Quick Settmy Cut-Backs— Tbn solvent takes an 
■pprecablo time to come away fiom the asphalt, the time taken vaiylng 
■wording to the quantity of BOlvcnt m the asplmlt Hence a road bu.lt 
““6 a high solvent out-hack will take much longer to l.ardei. than one 
«'■ a low content and this must have serious cous.dcrat.on-a consi- 
Wiahon which far outweighs the question of mixing plant. Apart horn 
*e inconvcmence to .all concerned, engineer and puhhe. irom ''’"i E 
f a toad for even one week in order to allow .t to set, there is another 
'“'tot that ,s of importaoce. A ent-back road requires to have its final 
'oasoI.d.ation by the trafflo itself, no rolling can give the 

'■oa.„and therefore with a slow selling road, light pneuniatio “'‘O 

5“ allowed on first, then lorries and finnllv Iniiloek ear s, Init it often 
‘‘“PPens that a road carries almost only bullock carts, or the motor busts 


/ 
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keep to the centre and do not use the haunches; hence such a road never- 
becomes properlv consolidated befow the bullock carts get on and they 
promptly cut it to pieces. A good example of this was the experimeat 
with inlx-iu'place on the Ilhotak road in Mix-in-place v\ith graders 

had proved successful in B.ahichistaa where traffic is almost exclusively 
pneumatic tyred and it was decided to experitnent with the method at 
Delhi to see how it would cope with ordinary Indian conditions. The 
mix-in-place method with n grader necessitates the use of at least 20 yer 
cent, of solvent and so this percentage had to be used; the result of the 
experiment was found to be that although the road was closed to trsce 
for some time and rolled well and did not mark under motor bus traac. 
ns soon a? bullock carts were allow ed on, they cut it to ribbons. 


A?. It may safely be staled, therefore, that for road« which are to 
c.arry bullock carts, even if the road can be closed indefinitely and rolUc- 
continned for days it is essenti.al that a low solvent content cut-back 
should be used which will .allow an .almost immediate "set”. A solvent 
content of le^s th.an S per cent, will .illow a road to be opened to iv:a 
tyred traffic the next day without fear of damage; prcfewbly not mere 
than S per cent should bo used 

CO. Since .almost all roads in India carry bullock carts, experienc? 
certainly indicates that it is of the utmost importance that the ro.^^ 
should sot up suffioictitly to take buUock carts within 24 hours of comple* 
tion. This means that low solvent content cut-backs should only be usfi 
despite whatever difficulties their use may ent.ail. 

70. rfc'if for pre-fjiix. — ^The use of a low solvent cut-back entails * 
proper mixing unit and it is this question of plant which often assume* 
such proportions in the eyes of many engineers that they lose all 
of the far greater necessity of a quick set on the road and other import- 
ant considerations which alone can give the road a long life 

71 Unfortunately, a Pre-mixing plant is too often visualised as a huge 
unwieldy, very costly contraption; this undoubtedly is due to confusion 
with the type of pl.aut required for bot-mLx. 

72. Actually the type of mixture required for low solvent cut-backs is 
Email and cau be moved about the rood by a few coolies It mereb 
consist of a 7 cub. ft. capacity mmng box and a power unit — usually ol 
the cold starting diesel type; it can easily be drawn into the side of any 
road and moved along ns the work progresses The cost is about Its G.OOi 
to G.oOO while running costs'ainount only to some throe or four rupees i 
dav. Tlie gone required for operating it consist* of some six men and s 
mistrv .and it will turn out from 5?00 to 1,000 cub ft. of mixed materia 
per dav. Compare this with the number of oscillating or revolvinc drum; 
which'would be required for the same output .and the horde of c'xtlie; 
required which would congest any road. Apart from these considers' 
lion*, a mixer ensures far better results, absolutely uniform coating o: 
rnet '1 and it practically pays for itself by the «aving in asphalt efTecte- 
for it will co.ot the metal with a much thinner film than can auy revolvini 
drum. 

7;h That the advantages of the mixer, despite its rather high initial 
cost are beginning to be appreciated in Indi.i, is indicated by the fact th.v' 
theri- are now some 30 such machines operating in India. 


74. Just as it took time to introduce the steam roller and convince 
engineers that it was a better proposition, economically and practical!? 
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than the hand drawn roller, so it will perhaps take time to appreciate the 
advantages of the mixing unit over oscillating and revolving drums. 

75 It must be fully appreciated that the advantages dependent on the 
use of a quick sot cut-back must under no circumstances be lost sight of 
by hesitancy or nervousness over the question of plant. The purchase of 
a proper mixer is the soundest possible investment for it throws open all 
specifications whereas drum mixers limit the scope of specifications and 
tins will result in wasteful methods. 


76. It is recommended that in all pre-mix work with cut-backs, the aim 
should be to have the road set-up as quickly as possible and that, there- 
fore, a low solvent content cut-back (not more than 8 per cent.) should be 
used Proper mixing plant should be omploved for the purpose, despite 
their apparent high initial price, because their use not only ensures an 
even mix, a thinner film of binder but also a quick set-up on the road, 

77. EniuJsi'fuis — It has already been pointed out that a special stable 
type of emulsion is required for pre-mix work and that there are certain 
'-•omplications over viscosity where the aggreg-ite consists of coarse ana 
tine particles hence the use of emulsions for pre-mi.\ is genemlh limited 
to the macadam types of construction. However, when a suitable stable 
emulsion is available and the technique is propeily understood, very good 
results can be obtained with emulsious even iii the asphaltic concrete types 

construction: the technique, however, is rather difficult and lequiies 
considerable experience, it being impossible to lay down any standard 
specification and each job requiring to be studied and treated differently 
for tius reason, and because 15 to 20 per cent more emulsion is required 
than in cut-back work, the cost of emulsion pre-mix of the asphaltic 
concrete variety, can only be considered economic and practical under 
'^ry Special circumstances From the practical point of view the 

advantage is that mixing can be carried out m any type of mixer, even 
uy hand- the disadvantaccs are that water is required and, because of the 
soppiness of the mix. considerable segregation takes place 

■8. An emulsion pre-mix takes rather longer to set up on the road than 
» cut-back and great care must be exercised in the rolling otherwise 
stripping occurs 


On the whole, it can be suggested that asphaltic concrete and Sheet 
asphalt types of construction should not be attempted with emulsions 
80. So far as the macadam types are concerned, the quest ion is rather 
JjSerent for there is not the same difficulty m the technique The extra 
IS still there however and the same care to prevent stripping 

Requited 


81 Probably the fairest criticism that can be made of the practicability 
f emulsions for pre-mix purposes is the fact that the emulsion manuu.c- 
‘"ers advocate methods such as the Armourcoat rather tluiu ii pre-mix 


82 Armourcoat — Armourcoat is essentially a macadam type of cou- 
«fuction but by the process it is possible to bmld up a rather more dense 
®«adam than is usually laid by macadam 

S^st stone is first spread and emulsion applied, the voids in ^ 

* are then filled ai far as is possible by scattering imerniediate stone 
and another application of emulsion given, smaller ‘ 

jatt?red over and sprayed with emulsion and so on In other words, 
.cr after layer of stone is spread, each of a smaller paUeC 
P Pilous until the final blinding is with sand or fine grit 
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83. Jt will bo soon, therefore, that a verr dense mat can be built up. 
The method, however, is expensive as can be seen from Table 1, both from 
the point of view of the quantity of agciopato required and of the emulsion. 
It does have the advant.ipo that no phint is required except Sprayers vritb 
which to apply the emulsion but, against this it is a slow process for there 
are so many applications cf stone and emuUiou and it is essential to allow 
tho road to stand for at least 24 hours half way through the process before 
proper consolidation t.akcs place. 

S4. Apart from the above it can be said that the Armourcoat method 
does provide a macadam typo of construction which will compare favour- 
ably, from the wearing point of view, nith a macadam type of pre-mix- 
8.} It has already been pointed out that care must be taken with all 
macadam types of construction to ensure that only the very best quahtj 
of stone is used 

SO. Tack Coatf or Pnmos — The necessity or otherwise of the use d 
a tack coat under 1 to 1^" c.irpets deserves some consideration here for ij 
is an imi*ortant point both from the question of extra cost and improvec 
wearing quality. 

87. The purpose of the Tack coat or priming coat is to ensure a boat 
between the base and the carpet but it is very doubtful whether the carpe 
itself does not itself provide the requisite bond without the assistance e 
the tack coat 

SS. Experience in India has shown that a taek coat is generally unneces 
s.iry for 1 to IV' carpets either with cut-backs or with enuilsions, svhethe 
laid on a waterbound base or an old treated surface provided it is rougher 
ed somewhat. With emulsions the tack coat certainly is unnecessary becaus 
a fair amount of material drams lulo the base and forms its own tad 
Even with f*ut-backs there is sufficient binder on the stones to provide tli 
bond with the base. 

SO It IS recommended that tack coats are not required except und( 
one circumstance which will be mentioned, and that all that is neces 
<sary is to roueben the base If the base is waterbound macadam, 
should be well brushed but must not be loosened, if an old treated surfac 
it should be roughened by picks, the best method being to make lines ( 
smtiU holes (three knocks with the pick is sufficient for each) ruunir 
di.-igonally across the road, 12" opart and the holes spaced i 
12" intervals 

Co. The only circumstance where a Tack or Priming Coat is necessai 
IS when the base consists of new waterbound macadam which has nc 
cousohd.itcd well and is rather loose, the purpose of the tack in this ca£ 
is not to ensure the bond but to hold and consolidate the macadam surfac 
together. For this purpose the tack or primer should consist of a materia 
such as a 40/00 mLxture of Fuel Oil and Asphalt, which will sink well inf 
the base and bond it. 

91. One objection to a tack coat is that, unless it is applied very vex 
thinly, there is a d.mger of it cutting into and enriching the carpet makin 
it too f.it in .isphalt and so c.iusing subsequent waving. 

92. liC'Scciioning. — A 1 inch to IJ" carpet will cope with most Lnequs 
hties on a ro.ad for it can be laid from V' to 2'' in thickness but it shoul' 
nc\tr be Paid more not le«5 than these limits. The re.acon for thi'« is tha 
if laid thinner there is a danger of one '■tone having to carrv the full 


or, if greater then Ptono*^ \'iU lie three or four deep and there be no 
interlock. Hence if there are any inequalities over 2" in depth, it is 
necfssarj to Hv the c.irpct in two layers, the bottom layer to con&ist of 
seated stone onK .ind conlaminij no smaller fragments of stone. For 
the bottom course it is quite sufficient to use only 2J to 3 lbs. of binder 
per cub. ft. inste.od of the usual 3 ly3rd lbs. This base course should be 
spread and well rolled before the top course is spread. 

93. Another objection to laying too great a depth of the carpet is that 
consolidation will be uneven and where it is much thicker than m other 
places, a low spot will develop. 

94. Lateral Supports. — Lateral Suppiorts should always be piovided 
ior any carpet over m tliickness otherwise, especially with the bullock 
carts using the haunches of the ro.ad, the carpet will gradually be 
pushed out. 

95. The best form of lateral support is a kerbing of boulders, bricks 
or cement concrete vbichever will proxe cheapest. Since a roller, when 
consolidating the carpet, may damage the kerbs it is always advisable 
lo put the kerbing in after the carpet is consolidated; wooden baulks of 
'hmber held by spikes can be used at the time of spreading ard rolling. 
The«e are removed and the kerbing put in. 

90. An alternative to kerbing, though not nearly &o satisfactory, is 
to exc.ivat6 a trench 12" wide bv 2" deep along the edges of the road 
snd fill the mixture into the trench, this is know-n ns ’ tucking m 
and is quite eSectuo provided ths macadam base extends beyond the 
tdge of the carpet. 

97. Conclusions and rccomnienJafioHs.— The following is a summary 
•^f the conclusions and recommendations that can be drawn from this 
paper. 

^Uthodt ichich should be dtscontinued-^1. Two Coat Surface Dressing. 

2. Grouting and Penetration Methods Both these methods require 
2n excessive quantity of binder which i^ both extravagant and detrimental. 


Types of construction for Indian conditions. 

For Light Pneumatic Tyred Traffic ') , ^ . o / t. » 

y Single Coat Surface Dressing 

Light Bullock Cart Traffic J 

Medium Heavy Mixed Traffic —I to li" carpets. 

Heavy Bullock Traffic —2 to 2J" carpets 

Type, of Carpets.-Theeo should be of ^ 

» method such as Armourcoot u-hich provides both deuslfy and « pr 
•coating eSect 

Carpets are of three mam types — 

(1) AsphoUte Concrete-, .0 -A n.o,ture of Stone and band. 

(2) Asphaltic Ifacodani— . e — A graded Slone Carpet 

(3) Sheet Asphalt-..o-A carpet in uhieh the Sand carries the 

wear of traffic. 
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Those muy be laid in thickness of from 1 to 2^" according to traSic 
requirements. The thicker the carpet the larger should be the size ot 
the stone, The large stone should he not more nor less than 2;3rds of 
the thickneiss of the consolidated carpet. 


Comparative McriU of the three types 

1. Asphaltic Concrete provides the densest and strongest con- 

struction. 

2. Asphaltic Macadam is eicellent but depends for success to a 

very great extent on the metal. Unless the metal is ot 
the very best quality, it is iviser to use the A'^phaltic 
concrete type. 

3. Sheet Asphalt gives a close fine surface u'itbout requiring 

polishing by traffic Sheet asphalt is not as strong ns the 
other typee because the sand cariies the «ear and inherent 
stability is dependent on the binder and the internal fnction 
of the sand particles and not on the interlocking of the 
stone fragments 

Sheet Asphalt, ho^eier, is of particular value in c-ises wher'* 
the aiaiJabie stone is of i>oor quality and in such cases 
should be used m pieference to the macadam type. 

Binders to be used —Either cut-backs or emulsions may be used f®*” 
tnese carpets 

Cut‘hachs . — It IS most adnsable that the road should “set-up” quickly 
end allow traffic to use it 24 hours after laying. The solvent content 
should not, therefore, fall above 8 per cent. 

Plant for Cut^bacK /*re-jnia:es.— Despite its apparent high initial cost 
of Rs. 6,000 to Bs 6,u00 it is essential that a pug-mill type of mixer 
should be used for such a plant alone allows any type of mix to he 
made, cnsuies a thin film and so saves in bitumen, permits (be use of 
a low solvent content cut-back and so a guick-set road Such a plant 
^\ni justify ite purchase immediately. 

Emulsions . — The dipping process is not sound either m practice or 
theoretically for, although it is a means of pre-coating the aggregate, 
there is no means of ensuring a uniform coating nor of preventing an 
exce'-s of binder; both these are the faults of the grouting or ypnetration 
method. 

Special stable emulsions should be used for pre-mix uork and it is 
possible, though rather difficult for the inexperienced, to make the 
asphaltic concrete tjpes of construction. The use of emulsions for pre- 
mixing entails ratlier higher costs as more emulsion has to be used than 
cut-back. General usage is to advocate the Armourcoat type of construc- 
tion in preference to pre-mixing The Armouicoat metliod conics within 
the mncaclam tyjjc of construction and necessitates the employment of 
the best quality stone only. 

Tael: Coals . — These nro unnecessary for 1 t© 2J" carpets e.xcept where 
the bn«e is loose. TIic base should always be roughened but no* loosened 
in the roughening operation. Where the base is loose, it phculd bS" 
primed with an asphalt/fuel oil mixture to bind the base fog'^ther. 
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Lateral Support*.— Theso should always be provided, pr-iforably in 
the form of herbmg but if funds do not permit this, then the edges of 
the carpet should be tacked in. 

93. /JccOHiujcndafiOH* for road «pcci^cafio»i«.— Surface Dressing is 
suitable onh for light trafiicked ro.tds and there is nothing further to add 
on the subject for it is n method with which most people are \eiy veil 
acquainted. 

99. The Specification which uiU be of the greatest utilitj m India lir 
undoubtedly the 1 to 1}" caqiet made of prc-coated aggregate for it 
allows sufiicient variation in thickness to cope with most inequalities and 
yet, even in those places where there is a gieatcr or less thickness of mat 
there is a uniform coating of binder which cannot be obtained by any 
method where the binder is applied after the aggregate is in position 
on the road. 

100. The asphaltic concrete t\pe using two parts of stone to one of 
sand is the most satisfactory and strongest. The macadam tjpe should 
only be used where the stone is of the ^cry host quality and, then, it is 
preferable to give U n liquid sea! rcthcr than a miaed chippmg seal. Thr 
Sheet Asphalt type of construction is of particular %alue where the 
quahty of the stone is verv poor for the sand not the stone, canies the 
traffic. 

101. Let us hope that m a few \ears time from now e\ery Eoad 
Authority in India will own us own proper mixing plants — j'ust as they 
do steam rollers— and that the laying of pre-ini\ed carpets v/ill become 
® matter of routine rather than a rather bold experiment as it ig treated 
to-day. That pre-mixed carpets are the solution of India s road problem 
18 unquestionable and, therefore, the sooner more extensive works are- 
Corried out with them in every part of India the better 



168 


Mr. G. G. C. .-Iflfiini {the Author): Mr. Cliauinan and gentlemen: I do 
not think that 1 have very much lutther to add to this paper. It is such 
nn enormous subject that it has already been sulBciently difficult to conimt 
it -aithin reasonable liihits. I have been asked by one or two delegates 
exactly ^hat I mean by t\\x> coat surfoce dressing. This is where the 
second coat is applied immediately after the first. I have omitted tc 
refer to kankar or laterite roads os bases for asphalt cnipets. It has beer 
found that these make excellent bases for such carpets and any of w 
types of construction vefeiied to m my paper may safely be laid on theia 
The only precaution that requues to be taken is that a priming or tact 
coat should be applied before la\mg the mat. The best type of matena 
for this purpose bns proved, m my opinion, to be a 50/50 Fuel oil osphal; 
mixtme applied at one-qnarter gallon per square yard (30 lbs. per sq. ft- 
for this penetrates better into hanker or latente than mto other materials 


DISCUSSION ON PAPERS NOS 2, 5(a), 5(b) AND 6. 

Clwirinan' Gentlemen. I hope that many people will come forwart 
and criticise these papers But before tber do so. there is one thing whic< 
I would like to sav I think the four papers nbich we have now unde 
discussion definitely emphasise the necessitv for us to got do’O'n to sons* 
standard form of measurements I see, for instance, one paper refers t' 
gallons per square var<l and annn« per «quni'e foot. Another paper deal 
with tons per mile and rupees per 1(V) sq feet ; and so on. I think yot 
will all agree that it is most confusing. There is one thing that I do hop 
ndll emanate fiom this Congress and that is that we will get all Govern 
ments to agree, before we next meet, that whatever papers are writtei 
rrill all conform to some standard form of nomenclature Of course, tbr 
■point has been mentioned on a previous occasion and I am all for aboVishin 
the gallons and square yards and dealing only in pounds and square feet. 

Mr. K. G. Mttchetl: Supjilcmenting what fell just now fron 
Jfr Jlflcfarlane, I would like to suggest that wo should do away with th« 
gallon and take to pounds and hundredweights. You buy most of the*i 
maten.-ils by weight and you deal with them in hundred sq. ft .\nd ) 
must be an unnecessary complication to have to convert gallons for thf 
purpose of estimating into pounds and tons I think personally tho1 
pounds or hundredweights — ^preferably pounds — ara preferable to gallons. 

Mr. B. F. Taylor: There is on5 jioint on which Mr. Adami will, I hope, 
bo able to help us in Assam and that is the strange antagonism that certain 
types of metal seem to have for bitumen. In Assam where we have rain 
for 9 months and dry weather for only three, hot applications are extremely 
difficult ns it is very r.are that we can get a road sufficiently dry to give 
them a fair chance. We have therefore been driven to cold emulsions 
which looked quite hopeful until recently but I regret to say that m many 
parts of the province they are breaking down deplorably. * In the course 
of our investigation to find out the reason it seems to b^oil down to this . 
that to certain types of our metal bitumen will not stick. Some is of tlio 
quartz groups and «omc of a kind I cannot classify geologically but it has 
a weatlured or fungus grown surface which has been found to be utterly 
fc r hitniiun. We have tried to get snine explanation and we have 
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been invcstipuUng this point but we hnve not vet got any sfttis{acfcor 7 
answer at nil. It is quite impos«iblf' for us to select our metal. Our 
trau>;port cost is enormous nnd we bavc got to use what is nearest or on 
the spot. I’crhaps this j^int has nlready been Investigated by Mr. Adami 
and others and if they will toll us. if there iinv wa\ of ovoreomiiig it or 
what tlie reason of it i«, we should he extremely grateful to them. 

. Mr. Chairman oud gentlemen, I should like first 
of all to apologise to Mr. Stubbs for having misunderstood the specification 
for Water preimx tar. 1 am sorry 1 umdu the mistake, but we have not 
ried It m ^Butina at all and 1 made the mistake through ignorance. In 
paragraph 7 of Mr. Hunter’s paper (Pajior Xo. 2) tlie question of the life of 
he sur.ace of the road it«clf is mcntioni-d. Xow when we are considering 
ms matter of road loans, it seems to mo essential that we should if possible 
determine what the lives of those various surfaces are in respect to the 
mtSc they carry. For financial reasons the 1* W D Code dmdes residen- 
tial buildings into certain classes and if we could divide roads surfaces up' 
lato sunilar classes, it would help very consider.ihh in determining the fin- 
ancial eSects of any loan I should be very glad if Mr. Hunter could give us 
urmer information on this matter from bis experience The suggestion 
j hkc to make is that we might assume that certain surfaces, pro- 
vided they are properly laid and properly maintained, will carry certain 
tcwnsities of traffic indefinitely and when the intensity of the traffic in- 
creases, it becomes neccssnrv to resort to reconstmetion If this assump- 
tion can be accepted, it will help very much m submitting proposals for 
accepting loans as we will be able to fi\ arbitrarily the life of any surface 

G X. M. Brown' Mr. Chairman nnd Gentlemen, there are two 
points m ^Ir, Adnmi's valuable paper (Poper Ko 61 to which I wish to 
refer. The first is in connection with his remarks regarding the function of 
tne stone, paras 4 to 7 

I think we are perhaps inclined to forget that it is the stone which 
carries the traffic and that when we discu«s the failure of surface dressings 
are apt to blame the dressing when verv often we should blame the- 
stone base 

The reason why the surface painted N -W Frontier roads stand up 
0 heavy bullock cart traffic, is, I think, largely due to the excelleit 
it\ of their stone and to the manner in which it is consolidated 
e have found from experience that. a single road roller cannot 
consolidate, properly, more than 600 eft to 800 eft of metal per day 
”hen the minimum amount of stone du«t and cinv binder is used. 

rnore than the minimum amount of elav in the binder is used m 
ns water bound work, it is possible considerably to increase the daitv 
fate of consolidation The dailv rate of con<5olidntion is therefore to some 
®.vtent an index of the quality of the consolidation 

ith regard to Mr Adami’s remarks on the scope of single coat surface 
dressing, para 16 of his paper, most of the roads in the Frontier to the 
5outh of the Kohat Pass, are surfaced with Colas nnd seldom require 
^spamting more than once in three vears The traffic on the«e roads 
^OD'ists largely of lorries with only n‘ small percentage of bullock carts 
same surface treatment was found to be un«uceessfal north of (he 

/ 
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Kohat Pass where there is a large percentage of Jicnvy bullock cart traftc. 
On these northern roads surface dressing ^ith tar has been found to 
stand an intensity of mixed traffic of 200 tons per yard width per day. 
These roads require repainting with tar every two to three years. 

In some sections an intensity of 350 tons per yard width per day bus 
been carried without failure. 

The Attock-Peshawnr load over w’Bicli the Congress toured is an 
example of a tar painted road w*hieh carries heavy bullock cart traffic. 
The bullock carts on this road are of the two wheeled type with a 3 mch 
width iron tyre. The tyre is usually convex outwards and I imagine 
that the actual width in contact with the road is not more than an inch. 
A heavily laden Peshawar bullock cart weighs as much as 2^ tons. By 
comparison, the bullock carts in Delhi are of the four wheeled type and 
-as w-e saw at the weighing machine the other day, a laden cart weighs 
only one ton. 

Llr. Dean told us that surface painted roads in Delhi would not with- 
stand an intensity of traffic of more than 200 tons per yard width per day 
and that if there was much bullock cart traffic this figure should he 
divided by four. 

It seems clear from this that we cannot lay down any general limit 
lor the intensity of traffic that surface painted roads will carry. It varies 
too much in different Provinces. 

Our experience on the Frontier, however, shows that under «imili<r 
climatic conditions and given good stone and first class water bound 
consolidation, surface paintinsj with tar can withstand successfully loads 
which in other province* require pre-mix carpets. 

The reason why tar surfacing on cur northern road? has proved more 
successful thaw surfacing with a cold bitumen emulsion is that the initial 
coat of tar penetrates better. 

If the water bound consolidation is done properly and an e.xcess of 
clay binder has not been used, the initial co.at of tar will penetrate at 
least half an inch If f-uhire occurs, the extent of tiie penetration often 
indic.ates the rca.-oti for the failure. For exiimple, if the t.nr has not 
penetrated by mote than i inch the fault is either excess of clav in the 
water bound binder or overheating of the tar. The latter fault’ -’su ho 
detected at once by inspection. 

If the tar hn« penetrated by more than | inch the reason for failure 
is faulty consolidation. 

The second point in Jlr. AdamPs paper to which I w-ish to refer is 
in connection w-ith para. .'»2 of his paper. The latter part of this para, 
is more or leas the policy we follow in the Frontier whore our funds are 
'tn'otly limited. 

Old water bound roads are remade and surface dressed with two coats 
of tnr, tar being used because of it* excellent penetrative property. 
If the road wears out before two years, it indicntes that the penetra- 
tion is insufficient to prevent the interlocked metal below from being 
disintegrated. 

The road is then surfaced with n carpet of such a tbiclmesg as wiil 
prevent thU disintegration The carpet, in effect, hicreaecR the penetrn- 
•tion by the same ninonnt as ils thickness. * 
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Ihis is probably tbo cbcapcst way in which we can develop our roads, 
sjamely, first to treat the remade water bound surface with a. dressing 
iiaving a reasonably pood pouetration und to folb% that up with a carpet 
-85 and when the latter is found to bo necessary. 

As Mr. Adaini sets in hi? paper, when the initial surface dressing has 
«om out it will afford an eteollent base for the carpet. 

Mr. G. Reid Shaw: Mr. Chairman and gentlemen, I should Hhe first 
to congratulate the Chairman on his scn«e of humour to having both Mr. 
.\daini’s and Mr. Stubbs’ p.ijiors critici«:ed nt the same time. Mr Stubbs 
tell YOU that tar surfacing is the best thing in the world while Mr. 
Adami will say that all surfacing is nonsense In many of these papers 
surface painting work has been cntici'^ed and there is "talk of losing the 
value of the old road, I do not think any Engineer would start 
this kind of work haphazardly and say that hf' U going to pick up this 
j surface paint it. He has got a programme of work 

ahead of him and painting follows ns a natural sequence to metal re- 
surfacing, and there is therefore no loss of salvage vnliio of the old road 
surface when surfacing is undertaken. The operations follow as a natural 
sequence in the ordinary course of annual maintenance. 

, is just one point in which I do not agree with Mr. Stubbs. He 

tw ^r pore eiperience in the matter than I have and it is possible 
hat he Is right and I om wrong. That Is tiie amount of tar that he 
hses m his first coat. I think the first coat of surface painting needs 
0 be a richer coat, considerably nchei, thon whot he uses so as to gat 
Psaetration Certainly in a wet climate like ours (m Assam), the &st 
02t penetration is of enormous importance. Many writers have discussed 
the bullock cart traffic ruins surface painted ropds We all agree 
yith them that in the case of very heavy bullock cart traffic no 
h n Pointing will stand. This is part.cul.uK '^n m piave-. where the 
‘^rts are stopping and starting like railway station approaches 
straight bullock cart traffic along the road does not do so much harm 
afc bullock carts keep starting and stopping and moving about 

the same place. That is what happens near villages lu certain parts 
t Assam we find stones which have n natural aversion to binding with 
tumen One is a whinstone and it is probably one of the bes‘ stones 
e bare got in the whole of Assam, but in the quarry from which it 
® weathered looking formation which is not confined only 
the exposed surface of the stone. It comes in large veins m the 
sW 5 »earl,T every bit of the stone that comes out has got one 

, ® ^kis brown weather looting surface on which bitumen will not 
cSu‘ ^ second, in fact it runs off as fast as it goes on If Air Adami 
give any explanation or could devise any method bv which we can 
sreome this, we will be delighted 

Another point on which Afr Adami condemns surface painting is th it, 
2 t amount of bitumen is excessive for the amount of chipping u«pd. 
am *kat the whole idea of surface painting a ronj jc tlie 

of of <=kippings which can stick on to bitumen. The first idea 
hitumen or tar surfacing" is to get a weather proof road. After that 
the ^ke amount of chips that can be fixed down ns a wearing coat 



Mr. D. Daniel: Mr. Chairman and gentlemen, I think jiciper No 1(A;- 
should ha%-e been brought up to-dav for discussion nlon^j with these papers 
Anvhn%\ thnt paper has been separately discussed, but I wish to point 
out tliat some of my remarks would equally apply to tlmt paper also 

regards paper No. 2 and papers Nos. 5(a) and (6) these tlirce papers 
may be broadly divided into two classes, the one attempts to arrive at 
the economic aspects of the various ueaiing suifaces and the other 
attempts to describe how tar can be used to reduce the maintenance cost. 
On papers like these. I should have thought that discussions on the 
broader issues involved nould be more profitable than dwelling on the 
details of a number of specifications At the outset I should therefore 
remark that tar and tar compounds wherever used have been gradually 
given up in favour of the more suitable asphalt which all of you are aivare 
of. painting the surface annually for miles and miles together is a very 
tedious task and this also finally works out into a very bad mat and 
inconvenienoes traffic ns was pointed out by Mr. Dean yesterday. Tins 
finally helps to distort the metal belovr under very heavy country cart 
traffic. This is our experience in the Madias road«. 

After reading papers 6(a) and (6) one is left with the impression tbai 
in the Punjab out of sheer necessity tar is being used to minimise the 
mamtenance bills owing to its cheapness m the initial cost. 'That pro* 
vince seems to be undergoing the same phase which the several corpora* 
tioiis in the early days were undeigomg. They Iiave nil now gone for 
more durable materials for their heavily trafficked roads Mr. Coats, tlie 
late Engineer to Madras and Calcutta Corpoiations, who had large es^ierj* 
ence m the use of tars hod written to me in 1020 that “with the intro* 
duction of bitumen compounds tor should not be used unless it can be 
got 60 cheaply as to justify its use “ This seems to be the reasonabk 
attitude tliat one oan take up regarding the use of tar. Except its initio 
cost, tar has no special qualities in its favour. (liaughter.) In papeJ 
No, 5(f)) failures of tar in the past are attributed to impioperly dc' 
liydrated tar or want of n filler and an example of succo'is w-ith tor quotec 
is the Mall at Lahore laid in I9l6. But tar used then could, not be tin 
modem tnr. Its success should, therefore, be due to something else wbicl 
requires further investigation. Further, becau'ie the macadam below ha 
not been reformed from 1016 cannot be a criterion of its success. Wlin 
kinil of serviceability the surface has rendered to the public should bi 
looked into. I mean whether the surface wa^ wavy or undulating ani 
consequently inconveniencing the public. Or at least wlinf kind o 
mninten'ince it has udergone and other traffic factors linve to be examined 
Since writing these notes, thanks to Sfr. JlitcheH’s foretlionght and geniu 
for organisation, I had the opportunity, as nil of you had, to see tiie JMal 
nnd nil the other tarred roads we were shown The surface of tlio yia! 
is vor.v pood. T «ee it is due chiefly to the pohihition of country car 
tr.affic. Also in the main roads bajri is used for hlindnge. Thesf> nn 
verv hard wnterworn crystalline nodules more or less like iron pieces 
' This forms a verv eood mat and all over the Piminh ther coem to ge 
fuch kind of material. The rainfall nl«o is very Hcht and does not wa^l 
nunv the light oils or free onibon. The country- carts have not nl«o iror 
t\Tes for the most part. Tlie best CT.aiiitc metal in the Madras Preeidenc^ 
when tested is found to linvo n French Co-efficient of wear of 17 and ^ 
in the dry and wet test respectively, while the metal in Jhnndnwnla 
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m Delhi IS to hnve t^ce its strength 1 nm thei-cforo very sceptic 

about the rermnncnt aavnntapo« of using tar In Mndro.^ wliero there are 
several factors contributing towards failuri'. 1 am glad to see Diwan 
iJahadur Ayyangar of Jlysore has been converted to ‘some extent vesterdov 
and I shnii wait for tlie results of Ins experiments. Jfr Trevor Jones' 
conclusions m paragraph 2! of his paper give us an insight into the future 
r^uirementg of the Punjab roads. He feels that more permanent cou- 
° 1, ® necessary and ends with the statement that the con- 

iJhI. ? , . V’®. roads appears to be the solution, with the 
latter of which I not quite agree. 


If the papers o(a) and (h) are interesting m the methods adopted to 
wOve the iiuinediatc niaintonancc troubles which is common to many 
~ instructive m the way in which the economic 

of the various wearing surfaces are worked out. This paper is 
the point of view of the Government of India and 
•omn Governuients, which are on the eve of embarking on a 

iif> of road development from loan funds as a result of 

hfi *• rejiroiscnt.ition by Messrs Miller and Ormerod and 

nme Secretary Licutenaiit-Colonel Smith uf the Indian Hoads and 

0 Assocmtioii. Selection of bridges and new roads 

^ constructed from loan funds offer no dilhculty, but it is the {.election 
* rnodern wearing surfact-s suited to any one road that 

he n difficult tasks of those in charge of roads 

1 of such roads requiring modem surfaces may be small 

’fors and yet the type has to be settled on a rational basis 

puen. Paper No (*2) has outlined some inethod« 
?fv f 1 Engineer of the United Provinces aricT should prove 

ino'^ 1 general manner But, unfortunately, there seems to 

ie ro*i flcourate data readily available in other provinces If 

'untrvK* various experimentg are to be useful m such a vast 

e India, information regardmg the height above mean sea levpi. 

il maximum and minimum temperatures, nature of sub- 

• e thickness and nature of the hard crust available as foundation, 
^^o*Ume, character and distribution of traffic, in other words, the* 
leth^^ °f vehicles, the proportion of traffic to steel tjTed ones, and 
“er the latter is distributed all over or only in tracks, and lastly, 

)ss road which ogives the intensity of traffic for which the 

!nt designed have all to be given for each anj every experi- 

j -Uso to state that bitumen was n failure anfl bo on, using a 
, ,9 gives only a vague idea about these experiments Bitumen 
?o definition of the British Standard Engineering 

elation include^ all kinds of asphalts with penetration from .*5 to 300 
t specific viscosity from 3 to 100 So are we to understand 

.Iiifiimen m the market is a failure’ We have tliercfore to ho 
h description of the materials used This wdll be of use 

P^riieg who deal in and use the various mnteriate In fact 
^ nrms reallv Want to know the delects in their maferinis wntli a 
® rectify them or suggest improvements in their Rpecifientions or 
Out the mistakes, if any, in application Tf wo are not going to 
pen-minded in this respect, I should think that the usefulneRs of 
®periineiits will be lost. "When asphalt is said not to adhere to 
Srones in th'e Punjab, one wonders why the experience tliere difTers 
hat in other .parts Trobablv. the qiinlilies of rfone. if it had been 
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tested. nnA cUnintie conditions would have esjdained this different 
experience. If the aggregate is soft limestone, dust is likely to be 
formed undei tinlTic between the asphalt paint and the stones, whereas 
tar has -rot bLttev jUTmitv to Utno stones. Houever, things like these 
have to be guessed. Also the qualities of the metal used should be 
tested for compiession for attrition and for abrasion and should be 
recorded. 1 understand that these three papers were originally intended 
for the International Hoad Congress and hence, I believe, som<j such 
details have boon omitted. I only wish to stress tlio necessity for the 
inlrodnction of a standard form for recording the details of the 
various experiments to be done in future which will help us in the 
selection of suitable wearing surfaces, embodying all this infonnatioa 
for cacli and every experiment just as the Concrete Association liavo don£ 
it for their pavements all over India. 

After reading i\U the papers one cannot understand what we 
actually aiming at. There is a medley of specifications, some even cl 
uuscientihc nature as pointed out yesterday by one gentleman, such as 
mix'.ug tar with mud, etc Wc have to dmde our experiments in futun 
broadly into two, tir., one for capital works and another for devisius 
cheap ways of maintenance of roads. Experiments for capital works 
should be coufmed to standard nxirks, such ng concrete, sheet asphalt, 
asphaltic concrete, asplialt ^nacadam and painting. Materials to be 
used should bo standard ones and if possible should be subjeci 

lo laboratory tests. They bav© to be laid on important typical provincift 
roads with a sped.al staff and watched. 

It will also be better to record their annual mamtenance costs u 
terms of unit of road unit of tralhc; in other words the annual cost ps 
nule of foot width per ton of traffic per foot mdtb. The United Pro 
inces socnis to be doing this already. This will also help us a good dea 
in working out the economic aspect of the various a-earing surfaces ii 
a more ratioiial manitcr than we are able to do at present. I am suY' 
the genius of Mr. iMitcbell u'hose time and energy were taken up til 
now by the Government of India for other urgent purposes will, befoTi 
long, tackle tins problem also. 

As I have observed alro.ady, I have dwelt only on the broader aspects 
involved in the subject matter of the three papers, which are mon 
important and I shall leave the details alone. By this I do not belittl, 
ibe information given in the papers concerned. Everyone knows wha 
it is merely to execute nod wh.at it is to write papers. Nothing bu 
pniiso is duo to the authors of all those p.apers and particularly t< 
yfessrs. Bean and Hunter, who have taken immense p.ains to des'eribi 
in detail all the works tlxey have done. I also request that Mr. Bern 
gives his special attention to the workf? on the roads carryinc hcav^ 
rountrv- can tr.Unc and gives us the result of his erperimenta* n-bich wii 
Iv of immense u«o to Engineers who have to deal with provincial roads wit! 
hr.avy mixed traffic. 

As n'gards paper No. f>, Mr. .Adami's paper is a faithful and a tmo 
record of the results of the works done by Mosers. Burmah Shell Com- 
pany. It i^ n very rnlnable paper and there k not even the alishtc^t 
taint of (he firm'.s interests. I really concratulate the author of tie 
paoor and Mess-s. The Burmah Shell Company -on its excellence. Tlw 
Encincer’s cluof trouble, .as Biwan Bahadur Avv.aci:.ar pciinted out 


yesterday, is to find out tlic best paxciueut that will scrxc the dual 
purpose roads. Mr. Adaiiii's j)a]>er has climluated jjruulicuUy ull asphalt 
bullock tralhc txccjit Siielcrete We have done it 
a tae Madras Presidency in some pl.ices nnd so lor they arc successful, 
inere are oue or two jiaxeuients staudiug for the lust about si\ months 
^tcout the slightest rut. btili »i i. s to ho tisttd n little longer and 
aen conclusions have to be nrnxcd at. (Applause.) 

Cofoncl G. U. So]‘ini)i Mr. (.hnmnan and goiitleuiLn, suficring as 
am from shell shock from the recent bombardiucut, I only propose to 
ay one thing. Mr. D.aniol haid that he felt that tlie Mall at Lahore 
equired some more investigation ns »t was uiijios-'ible that the tar used 
I Same a« used lo-dav Tin* company to which I belong 

*”*^^^*^ thoce days. The stills were first staitcd m 1915 

■na the Mall at Lahore was treated with the same Slmlimar tar ns the 
3ads m the Punjab are treated with to-day. (Applause ) 

Mr. R, H’ 1‘oTkhursi. Mr Chairman and gentlemen. I should like to 
■'press my personal pleasure ut having had the opportunity of rending 
ese papers and I think the authors are to be xcry hcurtily congratulated 
n the wealth of material they linw (u^m^llvd and tlie miuiiier m which 
°ey nave set it forth As w*as mentioned a few moments ago— it i« a 
^Ty good idea to group these papers together for discussion for this 
sason that they emphasise a very interesting point in connection with 
QSTelopment— -that is the underlying principle of stage ccniatructjon. 
think that the light roads that we "have had the opportunity nf seeing 
1 the Punjab will no doubt later on be surfaced «>th heavy material 
®nd as traffic requires it Wo Jinve seen other roads m the vicinity 
fjelhi which are in practice of greater thickn(v»g nnd are possilily fitted 
^ traffic. The point that I make L thut if the imuls are 

with this idea of stage construction m mmd lliey inuy l>e uspil as 
jouadations for successively higbtr tvpi-- of Buifiiw aw truflio loquires 
them With regard to Mr Ilimter’s pnp.T, 1 mn\ ntiy Hint lo my 
^tnd his method of analvwng the cost imd comjmtinK tln' diffi'K'iil types 
of surfaces are perfectlv logical, buf n« the nuthcr iin])lii'H, ii roM-rvatinn 
^ust be made m applving these i.rineijdeH YnrinHnn>* in tiiifTie may 
I wutg about certain modification and n** a iiudter of fiu-l mbdn entirely 
ttpset the calculations. Speaking fiirtlitr with legiird to paper Ka 2, 
to the earliPr work witli hitmnen. T Hhnuhl llUr to i\hM tli.« autlinr 
tvaether detailed specifications are nvidlahle If ll In pn^Hilily to he 
regretted that the-sc could not have laen Inehnh.l hi Ha’ nap.-r to afford 

conipari<»on with apecifieiitionH for more "-"k "hiel, an- given 

‘'t detail Apparentlv tlifn* was n gietU deal ..f dllheiillv wllli thio 
earlier work nnd in Vonnefthm wit), the ie|..Ml.i.| itn-.aHNriirt.,i-v results 
some of these proy-HH in the United I'l.wtneon two .i»is,.n ntioim, 
appears to me. rnav he made— 

(1) The qunntuv of bitumen has a i< latimi-lop t.> the 

siicce«n of aiiv hHiimln"un well. 


f2) Sati^frutorv lue •...ni.d ..uK wh.u ph.p.r M-l.-rtu.M of 

tip.. H mad- and tl-e -I ei.. a.vmat-l\ f.dlnw.d 

Concerning’ the fir’ll J’oint Ih. BlalHn'id mad- thm tin- road 

surfaces, whether a«|j|iiill|a * t""‘'* li—me soft 

•under heat Tt ir vdl Imowm that lUH Itlmulunne malrrlni lrrespert,v<» 



’ Trinl stretches of premix ShclmncAdnm with preraix seal coat br 
cold mix method have been laid in continuation of semi-grouting vork^ 
for the same I'oad, under the same condition'? of traffic for the purposes d’ 
compari'tou. Cost of premix work was higher than that of the semi-groutmg. 
Sm faces ucre examined after about a year and a half. Semi-grouted surface 
np)->carctl rich and in perfect condition. Shelmncadaiu surface appeared 
diy, n<5 if there was no binder, and the seal coat hid uorn out in some 
places and lorjuivod vonewal if the sncfnce is to be saved. It appears on 
account of richness of asphalt in the top surface of the senii-grouted 
ro.id, it formed an efTective water-tight seal hy admixture with 
dust spread on it in the final coat Hichnc«i? of asphalt thu«t Fer%e<? an 
important purpose in this case \o doubt the extra asphalt in the lower 
portion serves the purpose of partlv fillinc in the voids, and doe® no 
useful service 

in sand sliovt asphalt, as ulrcad^ stated, cousidciuble amount of \01d5 
in sand roiiuun uunlled LuleSs the-se are tilled up by niler, or 
surface scaled uith lupud atal, it is bound to wear eiulier. lillci required 
tor tills t\pe ot mixtute per 1 (k; square icei uili be oul\ about a cubic foot. 
This couibiued with a pioperlj graded saud uud proportiouutelj a bit 
largei ainouiu ot uspUalt will gi\e a cousidciubi\ better uucl peruuucnt- 
surface Cost would no doubt be soiiicwhat higher but the lulditiousl 
life and loductiou in tuaiutenouce charges would more than tepa\ it. 

Two coat surtace dressing bolds its own, wUcic uew water bound 
biiilace IS to bo tieated, aud there is lutcusc automobile tralbc mixed with- 
light bullock cart traffic. J inch carpet formed by two coat meth^ 
serves as an effectuo cushion and makes up for slight irregularities in 
the suiface. Foi cit^ stieets there is a further ndvautogo Second coflt^ 
18 iisuaUv covoiccl over h\ a imxtuie of J inch grit aud dust aud seals uP 
the whole surface foiinmg smooth suiface, vep\- ^unable for denning. 
(Applause ) 

.Ur. li 0 Burt Mr Chainnan aud gentlemen, tlie remarks I have- 
to offer apply not only to the four papcis that are uudor cousicleiatioU 
uow but also* to a previous paper In all these papers the material has 
beeu almost invariably described under its trade name which tends 
confuse the issue It is going to be difficult enough to correlate the 
losiilt-. of the o\iH'niiiciits eairicd out in various parts of the countrj* 
under vrrviug conditions and also under various (specifications for laying 
the road Without this further complication of not knowing the exact 
nature of the inalcrinl used I think that this is a position from which 
v\e should pet away as soon ns possible and would support th.at one of 
the tasks which he in front of this Congress i'® the claF'-ification and the 
evolving of specifications for the actual material used- The firms which 
produce and s dl road materials might consider that this is not in their 
intero't, but it has proved to be not so in the cn^e of other industries. 
The classification and standardisation and the production of material to* 
specificatioiii; is ultimately in the interests of liotli the jiroducor and the 
u«'>r. 1 would also like to «upge«t that any further experiments which 

are undertaken in the future should very largelv concontrnto on the using 
of material which is indigenous or mnnufnctnrcd in tlus country, rather 
than on material which may b© imported. TJiis. I think yoa will ngree.- 
is nbo in the interests of the country 
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Chairman: Gentlomcn, I oni quite sure we arc nil very grateful to 
tbe various speakers v\bo bavc gi\en us this interesting discussion and 
I have verr little to odd nu>elf. 1 noticed that during the very interest* 
mg and soinenliat destructive speech of Mr. Daniel, Colonel Sopwitb 
vas patting the ground uitlj impatient hoof and 1 nni quite sure that 
when lie made liN leply ho wns surprised by bis own moderation. But 
speaking n§ a repre«entntivp of a province that pcrlmjis uses tar painting 
more than any other provinec in India, there 15 one thing I vtould like 
to say. Bcferencc 'tOc; made to the inconvenience caused by repeated 
resurfacing. I wotilq like to say that repainting is n thing tthich causes 
practically no inconvenience at all. Wo do not close the road at night; 
Te simply do the work in cliort stretches, and at the end of the day’s 
y^ork after the road has been provided with grit and well rolled, it is 
immediately opened to trafiic In the c.'*«o of the Mall in Lahore, we 
simply put n row of tar barrels down in the centre and divert the traffic 
w one side while we t ir paint the other Tile whole ^lall was done in 
September just beforr the I.rOcal Government moved down from Simla 
find the ineonvenienco caused was nlmo'^t negligible 

I do not think I have anything more to add and I ^iH now call 
upon Mr. Hunter to reply to the criticisms on his paper 

J/r. C. F. Hunter (the author of Paper Ko. 2) I do not think I have 
niucn to reply to but I was asked one or two questions. One was 
whether I could give any idea as to the traffic up to which the road surfaces* 
JTOuId stand. I um afraid 1 couul hardly do that But I have discovered one 
thing Going through our records of all our miles I have found that miles 
carrying over 80 to 100 tons of bullock cart traffic per foot with per 24 hours 
P^e trouble in maintenance. Mr Adami m his paper has stated that 
a painted mile would not last for two years you should use something 
sfter. So I again went tlirougb the records of the nnles which lasted 
years and I find that thev practically agree with my owm conclu* 
jA: about 100 tons of bullock cart traffic per foot 

”^uth So that as ‘far as I can see. it is not safe to rely upon bitumen 
painted surfaces, at any rate, such ns we bare m the United Province^ 
a stand more than that without showing certain signs of distress and 
giving a certain amount of trouble in upkeep I was also asked if I could 
a little more information on the economies of the various treatmen s. 

1 ^ I cannot give vou that here That work was done quite a 

time ago, and incideritallv of course the would-be lives of stone 
are decreasing very rapidly Those figures/ we got out about 
Jree or four years ago ■^roior traffic has increased very much since 
find the probability is that these economic lives will become shorter. 

I was also asked if I could give some information as to the 
h .f T used m the pre-mix and grouted work. I can suppiy that 
5, got it here Pre-mix, i e , hot pre-mix no sue ^ 

the other day, was done by a large firm of contractop and it was 
tSi .1,“ sPMificotion. I flunk they nould be H'd f'''’* ‘ 

TOA, u., grouted wort, that U done depnrtmcnfelly J''"" 
culf agree that we used too much bitumen It 

“'f fo control or to mnke n good gronted road wifl, yerv 'f*’ X” 

X'-'ca nnd I th.nk H ie one of Sir. Ad«n.i’s contonl.on, 'b" ™ ^ 

kr?''"' r«oe,s With that r agree. 1 think thee arc nil the points 
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Mr. S. G. Sttihbs [fhf .^iifhor of Paper No. ■'i (fl)] : Mr. Siia^ 
raised the poiut ns to why n richer mixture, n richer application ot tar 
has not been nppViea to roads in the Punjab. The anwer is that we Uav< 
2 800 miles of road to cover and if we put doim heavier applications « 
would never be able to complete out tarring progr.Mnme. I quite agree tnai 
if lou put doun a richer application you get a longer l.fe. But I'c hia 
V , J r.f Mr^ih of a callon pe: 


that by putting down an application at the rate of l/fith of a gallon pe: 
x-ryyA frtt. tliA onfif nnd rtf 1/lOtli of A cnlloD pcr sniure larit loi 


square vnrd for the first coat and of 1/lOth of a gallon per square \arn oi 
subseqvient coats, the result., ate quite satisfactory and have stood up tj 
quite heavy bullock traffic of roughly about 200 to 300 tons per yard victtl 
of road , 

Jlr. Daniel raised the question about the type of tar that has beer 
used in the earlier applications on roads in the Punjab. To my peivoiia 
knowledge tar complying nith the Bond Board specifications was 
in 1918 and I used it myself. Mi*. Daniel wanted to know what was tcf 
object of having iiTitten the two papers under discussion. If he hac 
travelled over the Grand Trunk Bond between Delhi and Lahore about 
5 years ago be would quite have appreciated Mhat purpose has beer 
served by the work ue have done now The Punjab roads have bea 
improved beyond all recognition during the la«t three years and tlu 
two papers outline the methods adopted in order to bring about this vas 


improvement 

Mr. 0. G. C. (ffi'e .itiflior of paper No. C) : First of all Xfr. Tnyloi 

asked about a particular kind of stone of high quartz content that occurs u 
Assam and uhich has proved difficult to coat uitli emulsions. Sampled 
of this slono wore sent to us for testing and ne could do nothing with it 
we sent samples to London and they are still mvestig.atmg it. The faej 
is that it has such a smooth surf.ice that ordinary emulsions nm off i 
wUlimit doposUinc a sufficiently thick film; it is' rather like tvymg tc 
we( coinpletolv a cla«s marhle nith a drop of water One moans o 
getting over the difficulty would he to increase the viseositr of tJu 
emulsion very nppreeiaWv but this would lend to other complications 
Fucli ns rate of application being increased, etc Hon ever the mnttei 


is still having attention ond 1 liope that some solution will be founc 
in the near future. 


Tlien Mr Tlcid Shaw menrioned a whinstono that is also found it 
Assam that, ouing to an earthy streak of decniing rock in the 'qiiarrv 
when broken often bas on earthy face on some pieces; they find difficult; 
in coating those pieces completely. Asphalt will not adhere to dirt; 
stone jiiul this face of the stone being e.artlu is impossible to coat anc 
there Is m means of getting over the difiiculfv other than rejecting suol 
particles. As a m.itter of fact the stone that is used by the Bomba; 
Munieipalitv also suffers from (Ws defect hut it has been found that 
provided there i® not too hich a pwiportion of sneli pirtielf's no great 
harm oeeiirs even if some faces are not co.ated. Such stoUf> oetc'woll 
embedded the earret amongst the other coated stone. Thr«'^Bombat 
Municinal Bonds are s-erv good and T think ere n sufficient indication 
tint no great hann comes from some particles being insuffieimtlv coated 
Mr. Broun brought up the necessity <jf thorough vonsoUdarion of 
the base esj.ocialh nhery a surface painting i- to be ai'plied later. I 
mo^t emjdiaticidly concur nith Jfr. Brown and nm iifuiid that it i« « 
point tlmt Is loo often ignored. It U essential to give all road§ the 
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sr E™ ;srr f ' “ ^ 

It is a men, or? n7^ ’ ♦ *3ptnion of the p<'netration or grouting method, 

traffic nhloh lie, carrjing considerable intensities of 

against it ^ * *" ^ “otl^ng 

unecoDomicil metiL^*?^ of view. Rut 1 do consider that it is a most 
jrL of construction and ju<t as good, probahlr better, 

®uch cheancr °thrr methods mentioned m my paper, at a 

°3ethod there N ‘/’m the penetration 

than with r,w. of failure and ultimate rutting nnd waung 

paper /mm il rather considered 

"ttn cifr of MOW of a hot-mix expert wlio lias to deal 

t^e of Voj!j • proMetns alone it is not quite fair to comp-ue the 
fuBdamentfli ^ described with hot-mix for there are serernl 

Bornhav li -xample* he quoted m 

‘®d ire nm ^orus carried out during our experimental period — 

Boinbsr n^.«- experimenting— and we are most grateful to the 

Or ffp ■»,« engineers for their assistance at all times 

5fr V 5 r lessons from them 

have s ofings up the question of the loss of «oKent, in my paper 
ised more than 8 per cent of soh-ent should be 

oofs acnh«A”J^°‘^^ generalh sufficient Rather 

3 hot.m- * ^ ^ trpes of construction than 

^Iveni d*^' fo the higher ■riccoeity of the asphalt T!ie loss of 
f nsni, process of setting up results in about the same amount 

Wr deposited on the road 

de is that he notices that m the cold procps,, tlie aggre- 

ic Weight volume and not bv weight, he eaid that he prefers 
(ea( ^^^surement Personally I much prefer the volinne measure- 
to jr-j,. Aggregate becauee the weight me.ienrement tends 

all jjj' ^he specific gr.as-itv of the stone nnd sand after 
^he asphalt is to coat the aggregate and therefore it is 

■sggrecrate^^ counts Suppose that 100 pound samples of two 

talfp exactly the «!ame gradmg but of different specific gravities 
grarjtr- there will be a greater number of the lighter sjiecifie 

the sur/ than of the hea\ier stone and therefore 

volume greater nnd so require more asphalt On the 

fi-tm fbere is no such diflficultr and a fixed volume of stono of 
surface ^ ^‘''ding but of different specific gravitv would ha\e the Cvsme 
whefe ^ think that there are often mistakes made in hot-mix 

or anof)i ^ i$ kept to a fixed grading but where for one reason 

for ({j different stone of higher or lower gravitv h.is to be substituted 
ihe aggregate, generallv the bitumen content i« calculated 

evading and so no alteration is made although tlie surface area 
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has been altered. I strongly recommend that thtj volume basU 1*2^ 
measuring aggregate should be adopted 

With regard to the asphaltic conciete on Sandhurst Bridge having 
failed after two years, I would point out that this wag the cold process 
earned out in a hot-mix plant and, owing to the higher temperatures 
there was considerable segregation of the stone and sand I think that 
after seeing the work in progiess on the Eohtak Road ever_vbody 'vill 
agiee that if pioperly carried out there is no segregation with the cold 
process. 

On tile question of filler, filler can be put in in the cold process 
without much difficulty It is rather doubtful whether at present on 
most of the jobi earned out on this process a filler is justified because 
the addition of the filler necessitates in increase in the quantity of binder 
to be used. Ag regards the two coat surface dressing, the objection 
to this typo of constiuction is not only cost, a ^ inch him is too thm 
to cope ''i^h an\ appreciable unevenness in the base. JIunicipal road» 
in such a to^n as Bombay wheie asphalting has been in progress for a 
numbei of yeais, are naturally almost free from unevenness and therefore 
tills consideration probably does not weigh heavily with Mr. Modak. but 
it IS a mo«t important one so far n? mofussil roads ire concerned. But 
two coat surface dressing is an expensive type of construction when it is 
appieciated that a 1 inch mat can be laid by pre-mix processes at a 
lower cost 

Diican Bahadur A’. A’ Aytjangar: 1 want to know whether a seal 
coat of Spramex is necessary for Slielcrete. 

Mr,, G G C. Adami: That is a question I ba%6 been asked several 
times; a seal coat is not necessary’ in Slielcrete ns the sand works up 
to the surface. You have all seen Shelerete Eoadg around Delhi m 
vaiious stages of the sealing process and you have seen that Shelerete 
does seal itself. The probable effect of a seal on Slielcrete would be a 
licli sutface as the sand would still work up and this vould mark under 
traffic. A seal is only justified if the monsoon ig to come immediately 
after completion of the work and even then it should be e.xtremely thin. 

Dhiaii Bahadur X, N. Ayyangar' In Bonibnv Shelerete •nas done last 
ye.ir and I heard just now that the top was failing and I learn that it is 
an advantage to have a thin film of Spramex 

Mr, G. G C. Adami: I will find out about the particular road to- 
which you are alluding and "ill let vou know; I understand that you 
•jaid it was on the Tbana Road. If what you ’say is correct there must 
b'- a particular reason for there are Shelerete roads, m the Bombay 
Port TVust, now nearly four years old which carry very h-^nvy traffic 
and which have required neitHcr a seal nor maintenance. 

The Congress then adjourned till 2-30 p.m. 


The Congress re-nssembled after Lunch, nt 2-30 p.m. with Diwan 
Bnliadur N* X. Ayvangnr, Chief Engineer and Secretary to Government. 
Jfypore, in the Chair. 



•Vr. 0. MUchcU: Gentlemen, before wo Btnrt I should like to saj“ 

that there is o further change in the programme. It seems to be the 
general opinion and desire that wo might finish to-morrow afternoon. 
The thing that we must do is to receive tho report of the Committee 
regarding the future constitution and so forth, and tho Committee has 
yet to make its report which is now ready, and I hope it vill be in 
your hands before you leave this afternoon. We have therefore decided, 
to hare tho discussion of that at half-past two to-morrow afternoon. If 
're hare not finished nil the papers by then, we shall have to break off 
after discussing the report; because, after all, it is a very important 
thing, and if anybody want* to fo to-morrow, he can do so. I think 
this afternoon we shall probably be able to finish the papers unless the 
discussion is veir long. I see that the congregation is apparently suffering 
from indigestion (I>.nuphter) or something of that sort, and if you will 
not mind you might tell everybody vou eee, that to-morrow afternoon 
you will sec the doings and future constitution of the Congress and so- 
forth. 

Chairman {Ditrftn liahadur y. A*. Ayyan^ar)’ Gentlemen, we wilt 
pmceed with our business, and we will take up Paper No. 10 which wilk 
be introduced by Jfr. Greening on behalf of the author who has not been 
fihle to attend the Congress 


The following paper was then submitted for discussion 
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(Pa^?r Sa. 10) 

•Corrugation of '\Vatt>r-l>ound Macadam Eoitl Surfaces in tlio Bombay 
Trosidency, and a Cure 

By 

I!cv<rj J. M. Cou^»$, Suiy^nn^ttklinp ^»yinfrr, Bomhap Pr^suhn^'j. 

1. Tlii^ note deals ^v^tb the tnxnswrse cornigatiou of Nvater-hoimd Maw* 
•dam tvaad surfiu' w in the Southern aitd Central Circles of tlie Bombay Presideccr 
where the ro.uls are mostly surfacM with trap fBasjrlt) metal. Latcrite is used 
in some Bistxiets where trap isnotavailable and quarts metal is used in ^'e^y 
sunall areas in the Southern Cimle where that is the only material which can be 
got. The metalh\l avidths of the rosids from 12 h'et to 111 feet .as a rule 
but are wider in and ne.rr the larger towns. Tlu' met.alled widths are flanketl on 
each side genomlly with munun side widths .about two feet wide. Tlie binding 
imaterial for tnqi metal is genemlly munvm :uid when that is not oMulable 
a rwl or brow-n soil is u«evl. Literite binds itself. The finished surfaces are 
blindeil with s^vnd. mumm or brown or te\l soil Corrugatioris ari*not uniM'rs*'^ 
but only ocout in certain miles. The heaviest tntfiio on tlie roads is that of 
bullock carts and publie motor buses. 

2. The corrug;\tion of wsuer'bound Mactdnn ro\d surf.tces has eng.iged 
the attention of r.ngituvrs in recent wars but no definite cnreh.ts till now been 
diseo\\'r«.\l. Since my first appointment as Superintending Eagineer in 
OotolH'r. 19!ll, I hnw' hid the opportunity of e.irofully s^ud^iug all the Ihiblic 
Works Pejvirtment i\\id^ m the Southern and OentrarOircles of this residency 
and haw found that the use ofs.md as Mind ige. either by itself or mi.xed in other 
Mind.igv’. is the cause of corrugations. 

il. Ifs.uuli<elimiuatetl there arc no comigiitions. The worst corrugations 
occur when the blindage i« entirely s.ind. The less sjuid in the hlind.ige the less 
the corrugations, "With iimram. br\wen earth or r^xl soil free from s;uid there 
are no comigations. Mlierever there is a tendency to corrugate, i.e.. wherew'T 
then'is.s.uid. the sp.wl of mechinuMlly pn>pe!K\l whielo^ i<; a contributing 
f.ietor to the cornigitioii'sof the ro.id surface. The grx'.ater the .«pee<l the worse 
the oomig.ition^. In the Southeni Ciiele then' is harxlly any s.ind used as 
blind.igeivs it i« geiier.dly not obts^inable. Practic.illy all the roads there are 
blindcvl with brown or rx>l soil or muraw. The rvwds there are remirkably 
free from comigitiou^ The<o exist only in an oeo.isioinl mile where a little 
comnnition i< notsce.iblo due to a smill admixture of s.iiid in the blindage or lu 
mile.s whero Miid hnpjH'ns to be used. 

■4. In June, as Executive Eaginerr, Pliirw.ir Irrisrition Division, I 
wrote as follows to the Suporinteadiu^ Engineer, Southern Circle, iiiconnectioa 
with this matter : — 

“ .\s<nming iKit thero-wlsurfaceisthoronghly caa*olid.^ted,a8 it shouU 
with tbe.nginvgite pieces in as mtim^tecontact with the •««rroundine pieces as 
.pO'Mble K'foreanv* binding is .applied, and that the found.ition is gocKl the 
’CHwruca t ions an* first started by slight unevennesses in the rolling which c.anse 
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ve^cal oscilUtion in motor voluclcs travelling on the surface due to the play- 
m lEeir springs. If there is |oo<e blimlnge on the .surface this results in that 
blmdage being pu*hcd hack u-ith the backwani thrust of the drivinf- wheels in 
tujves corresponding to the upwanl and downwnnl oscillation of the wheels 
and a regular senes of waves with distmew between crests of from 18 to 24 
mcaes is a result of the original uneven surface If these waves, formed of 
yage, arc not removed regularly, ns soon as formed, the pounding action 
fftccfi they induce eventually acts on the hanl to.id surface itself and causes that 
torm into waves also, so matters go from bad to worse. A badly rolled 
siinace therefore causes serious trouble and needs constant attention and 
expeaiturc of money to keep it to its original smoothness. It is therefore 
^ea^l t^t the fmi’^hed surface after consolid.ation should be free from waves, 
e hearfer the motor vehicles ami the grc.itcr their speed the greater the 
amage, as the thrusts they transmit to the road surface are so much greater m 
Ho.av\* motor vehicles of the public bus should have their 
>pem considerably restricted. Their present speeds arc far too great for our 
oads to stand up to." 

5 Xot all the sand blinded miles produce oorrugations. Whether coiru- 
^ are produced or not depends on 


(a) the speed of the mechanically propelled vehicles , and 
{h) the number of such, vehicles using the road compared with the 
number of vehicles of other types 

^the speed of mechanically propelled vehicles is not high, corrugations do not 
shown by their absence on roads through towns or on ghat roads 
beads are frequent and speed is naturally reduced. Sand can therefore 
stretches of road without fear of trouble resulting If bullock 
other animal drawn vehicles predominate, tbe corrugations that are 
meohanically propelled vehicles are quickly dispersed by the cart 
■ ®i°d hoofs of the animals, This is particularly noticeable on the roads 
AJiandesh where there is verj' heavy bullock cart traffic and at the same 
‘I’hte a number of motor buses. The bullock carts there use the full 
th of the road and the surfaces, though sanded, generally remain smooth, 
jre are very few miles there with corrugations. On other roads again one 
ys Sanded miles corrugated m the centre only, as the sides are used by bullock 
^ s ivhich keep these widths smooth. 


p At the beginning of this year I issued instructions to the Executive 
“queers m my Circle in the matter. They have been informed how sand 
mdage, or sand m the blindage, tends to cause corrugations and have been 
to use soft muram, or brown or red soil free from clay or sand where 
, is not available as blindage, on all roads m future ukcre iJtere is any 
. corrugations to form (clay soil being rigorously excluded, particu' 

y i’iack sod). The change over is now taking place and I hope corrugations 
•yjj practically disappeared by the end of the monsoon, by which time it 

«aoped the sand in comigatedmileswillhavebeenentirclyeliminated. The 

Sahara Road being a particularly bad one as regards corrugations, I - 
to spend Rs. 1,000 on removing them from those miles in which tho'^ 
surface had not so far been much affected by the pounding action ct 
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•vehioles going over them, as this would save considerably more in the end than 
in repairing the damage afterwards. This has been done and muram has now 
Teplaced the sand. A very considerable improvement indeed has resalted 
giving smooth running for a car over all those miles. Slight corrugations will 
still form until all the sand is eliminated, but those will soon disappear. "Where 
■the metalled surfaces have been damaged as a result of long continued pound- 
ing action on them due to corrugations, such miles will not be satisfactory 
until they are resurfaced. As many as possible of these damaged miles are 
now being remetalled. 

7. Sand proved an excellent binding material in the past for slow moving 
'Tehicles, hut due to the tendency the heavy particles have, under fast motor 
'traffic, of being brushed back to form regular corrugations, it has now to bo 
abandoned where corrugations tend to form. The much lighter particles of 
the soft muram or soil blindage do not form these regular waves. There mav 
"be more dust due to the change-over on those miles where that has to he done, 
but that will be infinitely preferable to corrugations, and it will be no worse 
than motorists suffer in the Southern Division. The dust trouble will, it seems, 
Tiave to remain until the surfaces can be asphalted or concreted. 


Since writing this paper in Octcber 1933 Mr. Cousens has had further 
•opportunities of observing the results cf his remedies and wishes to add that 
these have been very satisfactory and tkat the elimination of sand from road 
sarfaces, where there is any tendency to corrugate, definitely eliminates it. 
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Mr. L r. Grccnnta (<m bdiaJf of tic .•liiiAoi of Paper No. 10): Mr. 
<’-hiirman and Gontleint'n, I nnj nirnid 1 ha\e uo remarks to oQer on 
Jlr. Cousens* paj'or. lint Y«"*tor(lay mominp I received from him n letter 
^hich he \\i«lud ino to re.ad before the Congress in continuation of his 
Pap®*'- I ^ih nov rmd it. 

"The elimination of corrugations by the method advocated lu the 
paper hag been entirely succe'^sful, ns observed by me in mj tours last 
laonth. The 130 miles of the Poona llnng.'tlore road in my jurisdiction 
■which the worst ro-ad in this re«poct. is now entirely free from that 
trouble. In only n very few miles of it there is just the elightcst trace 
cf corrugations, but this is due to sand not yet having been entirely 
eliminated from those particular miles, due either to (1) the harder 
murain used producing prittv particles of the natiir<- of sand, or (2i s ind 
still working up by suction ^m the binding of the metalling (1) is 
hebg put right by using n more suitable quahtv of soft mtirnm or earth 
4Dd (2) will graduallv disappear. One can now motor over the Central 
Circle roadg without noticing any corrugations”. 

Chairman: Has anvbodv else any remarks to make? 

Capt. Q. F. HaU:'l admit I do not know much about roads outside 
Bihar and Orissa and in spite of the many miles of surfaced roads we 
seen on our recent tour in the Punjab, N Frontier Province and 
»und Delhi, I imagine that the great majority of pucca roads must be 
®f water bound macadam. Though in the course of time they may be 
^proved to higher grades thov will be with us many years to come, and 
1 submit that their maintenance to withstand tbo wear and tear of heavy 
sad fast traffic is an important matter for the consideration of this Congress. 
, 7 have read Mr. Cousens* paper with more interest tlinn coiniction m 
“S contention that the substitution of moorum for sand blindage entirely 
laminates corrugation. In Bihar and Orissa ne use moorum almost 
exclusively for the blindage of our water bound macadam roads hut corn- 
fation occurs on most of them. In 1933 I was officiating Superintending 
Jogineer of the Cliota Xngpur Circle and was m charge of "'J' 

ttiles of water bound macadam roads of which about -15 were unsurfaced 
the March 1933 number of “Indian Ronds . Mr. Pipe. Exccutivo 
Enpneer. Boinbav. published an interesting .snd lostruclue arlicln on 

Ho expended In. ‘h-O .1™ 


— iie exnounueu ms » j *\ r.* 41 ^^ 

formed and gave the results of his own observations Ho ^ I*;® 


— auu gave tile results oi nis 

spacing of nates varied from 20" to 32" but that it «as mvnrinby 
'onstant over a rartic.lar lenotli of rood ^tr Tonaona ' 

S t» 24” only. Mr. Pino ndvoooted spcod rosir.otion ... ,lio o..l' 
remedy. 


.. 1 look his article out on lour oiti, .no and Bponl. so, no <ln,. 

'■« observation, noth mv n.vn on ao.ornl oorrufnlo. aoolions of t ,n 0 1. 


observation, noth mv n.vn on ao.ornl oorrufnlo. aoo ion, ol no 

i‘;M"'::i:;inf ..nirio '.;.i. n.” 


sundrv ovpo ..ill. nto.v nn.l fn;l .'"S'. . no 

both drv ond u-ol but in noill.or oaao .l.d T n.. 

V is a, Mr. Couson, .liaoo.orod. I.nl. na I ani.l l..■l..^o. .'.n 


^ US .ur. cousrns tiiscoMTi'u, 

moorum-blindod rond, dn oorrufnlo. „„ 

^ I also took a number of niensiirriiienl* t ,.,rcrtlon 


? Ilie slope. Honboro did I Hnil rofi.lnr .vnvo«. 
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varied from 13" to 44", with 33" slightly predominating. The corruga* 
tious were rarely at right angles to the axis of the road but varied from 
20 to 30 degrees from it. 

I found corrugations far more severe in lengths metalled with quartz 
which circumstances compel us to use extensively, than in those metalled 
with harder stone This was as anticipated. I came to the conclusion 
that it was the slow moving traffic ■ndth iron shod wheels, rarely true on 
their axles, that caused the initial attrition and that the fast moving 
traffic did the rest 

I wrote an article in “Indian Engineering” which was published in the 
issue of September 2nd, 1933, descnbmg my observations and expre«sing 
my views. ^Tiile I was making these observations I instructed one of 
my Executive Engineers, Mr S K. Roy, to make his own independently. 
He came to the conclusion that the initial rolling was entirely responsible 
for corrugations and that they could not be eliminated. To test his 
contention we rolled about a furlong of road with extreme care and no 
corrugation was visible to the eye or betrayed by templates. We kept all 
traffic off it and some nights later Mr Roy made an experiment ^dth the 
aid of a spot light and mirror and his apparatus revealed the presence of 
corrugations. 

Incidently, while on the subject of rolling, I am convinced that we 
roll our quartz too long and with too heavy rollers and cause initial 
.attrition by damaging the edges of the stones. 

In reply to my article, !Mr Murrell, Executive Engmeer, Bihar and 
Orissa, published another in "Indian Engineering” of October 7th, 1938, 
in which he disagreed with both ilr. Pipe and mvself and attributed corru- 
gation to defective sub*grade drainage though I had no fault to find with 
the drainage of the roads in question. But he also strongly supported 
Mr. Pipe's advocacy for speed restriction by the use of governors on 
inechaiiicnlly propelled vehicles. I am personally opposed to speed res- 
triction except on the grounds of public safety The traffic of the future 
is going to be fast and it is our duty, ns road Engineers, to improve our 
roads to stand up to modem conditions and not force traffic down to 
our present levels. 

Since this Congress was convened Jlr. Little, Executive Engineer, in 
the Sholapur District has pubhshed an article in “Indian Engineenng” of 
November 24tfi. 1934, entitled "A Revofufibnary Experiment m road sur- 
incinc”. He seems to have gone further than any one else to date in the- 
solution of the corrugation problem and his treatment is worthy of being" 
triid out on a large scale. Briefly, instead of rolling in his binding moorum 
from the top with only partial penetration, he lays his moorum at 
the bottom of the metal .and rolls till it comes to the surface, with 
npparentlv vastlv superior binding properties. He claims that in attempt- 
ing to pick up the surface G hours later he turned the point of the pick. 

Mv remarks are intended to show that many road Engineers are 
interested in the problem but their results and views do not coincide. It 
al'o only too frequently happens that owing to transfeis, leave or differ- 
fiice of interests, experiments are not continued and much useful labour 
is lost. 

I consider that part of the Petrol Tax Pund allotted to each Province 
‘bonld he set nride exclusively for experiments by selected officers and 
that Chief Engineers should insist that all experiments are continued 
when anv officer roes on leave or is transferred: results being collected 
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‘ (Paper No*12.) 

Some Physical Aspects oi Tyres and Roads 

BY 

G. L. W. MOSS. 

Punhp Company, Lid., Bombay. 

The last 15 or 20 years have seen a phenomenal advance in the develop- 
ment of vehicles for mechanical road transport. This advance has not been 
marked by any revolutionary changes in the type of power unit and chassis 
employed, but is the outcome of a continuous series of improveinents in the 
design of their component parts. Of major importance have been those re- 
lating to pneumatic tyres which arc, at once, the ultimate load carriers, and 
the agents giving eSect to the motive power of the engine and retarding power 
of the brakes. "VSTicn it is realised further, that these functions are only inci- 
dental to the primary one of acting as part of the springing system interposed 
between the road and the chassis, their importance needs no emphasis. It is 
diffioidt to conceive in what form mechanical road transport would have deve- 
loped without them. 

2. The economic advantages of a modem road vehicle cannot be exploited 

fully unless an efficient system of suitable roadways is provided, These must 
be cheap to construct and durable in character. As the physical problems of 
tyres and roads arc so closely inter-related, the folloTving paper is intended tc 
present some of their general aspects (especially those with reference to tyres) 
in a form which it is hoped will be easily understood. Most of the subject 
matter has formed part of the ordinary business of the Dunlop Rubber Co., Ltd., 
to whom I am indebted for permission to contribute this paper. - 

3. Cushioning Capacity of a Tyre. — Apart from its behaviour as a struc- 
ture for carrj'ing a load and transmitting acceleration and deceleration stresses, 
it is the function of a tyre to absorb shocks which would otherwise be imparted 
to the chassis by small irregularities of the road surface. This absorption 
is cilectcd by reason of a tyre’s cushioning qualities which are determined by 
its ability to deflect under increasing load, on a flat surface. This method 
of measuring cushioning capadty, and hence gauging the riding-qualities, 
is not in accordance with what might be expected from an interpretation 
of the general belief that a tyre behaves as it does because of its ability to 
absorb or envelop obstacles. 

4. Any obstacle actually capable of envelopment by a tyre cannot, at 
ordinary speeds, produce a vcrticlc thrust of sufficient magnitude to impart 
a noticeable shock to the chassis. Returning then to the incasureraont of 
cushioning capacity, it is interesting to note the tliflcrcnce in characteristics 
between KoVul and pneumatic tyres : this formed one of the two chief reason? 
why the general use of the solid was dbeontinued. 

5. Cushioning Capacity of a Solid and a Pneumatic Tyrc.~l{ a solid tfTcs 
b progrcKsively loaded by equal weight increments, the amount of deflection 



ioreacli incrpmcnt bocomf^ j>ropTc««ivoJy until a point is readied when 
aaj furtlicr increase prodncr« no npprrcinWe effect. With a pneumatic tyre, 
f’f dcdoction is prarlTc.nllv constant over the whole of the 
wotI Ioad*rance $o that it conforms v<rv closeh* to the proiHTtios exhibited 
oj 8 coil Spring. 

. condition of rigidity approarh^l hv the aohd at its full load renders 

I toner possibilities ns n good cnshiomnc inediuin quite negligible. This 
■ V is ciagceratod by over-loa«linp. or by n part-worn state of wear 
I? iiic effective rubber depth i^ of course, decreased. In comparison, 
c deflection characteristic of the pneumatic iiidic.atcs e<jvml cushioning capa- 
•Cl y at all loads, .and since onlv the protecting outer cover of the complete tyre 
IS esttoyed during service, this cushioning cnpaeitv remains unaltered through- 
out the cover’s useful life 


, *’^ood Stress . — Poor cushioninc cap.ncity has considerable ill effects on 
the vehicle due to the harshness of the shocks' imparted, and no one who has 
patched the wheels of a solid tvred vehicle proceeding along a road, or felt 
c heavy dbrations accompanying its passage svill doubt either, that it has 
wnsiderablc ill effects upon road structure. Solid rubber and steel tyred 
Tmcles arc indeed the real road destroyers. 


8. In t-iew of the hea\n' financial aspect of road construction and mam- 
te^nce it is not surprising that certain countries have introduced legislation 
either prohibiting solid tyrod vehicles on public roads altogether, or offering 
such inducement m the wav of reduced taxation in favour of pneumatics 
that the fitment of solids is made quite unattractive. In these countries the 
Moption of pneumatics and the development of their use at lower pressures 
“oat have been very effective in reducing the overage cost of maintenance 
pw mile of road. 


Some intereeting obscrvaljons arc made by the 

■ ffte Uaitod States follomng experiments to frame 

varioas loads and speeds common to pncunaalio tjTcd comnmrc.al traffic, 
expeiinfcats were recorded nsiog High rressore tj-rcs. The Commis- 
■*ton states 


T . .... 1 * mftiifrieient to withstand weather 

up to G tons gro**s weight. _ 

2. That by increasing (he Ihichne... 15 1-T “"T 

maximum pneumatic tynnl luad^ 

The American Bridge mid Ib-ad Kngluven. find from., study of impact 
Curves in the road foundation • 

, 1 .... Ilf nxlo' »»f n vehicle is increa<!ed, and its 

'^ltVi.'crcn""d '.>eor.li 0 fdy. the nuximum road stress U not 
ncccs'’arily inrn‘a’*'’il. . , • i • • » , 

1,1,, of wrtiele I'liwkx increases with the speed 
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These findings (1, 2 and A, B.) dp not indicate any limiting factor to the- 
possibilities of the development of bigger and faster vehicles and certainly,, 
in as far as pneumatic tyres must play a very important part, the ingenuity 
of the manufacturer is by no means exhausted and he will not fall behind any 
of the other interests directly involved in its problems. 

Running Speed and Temperature of Solid and Pneumatic Tijres . — It has 
been stated that difference in cushionmg capacity was only one of the two 
chief factors which led to the demise of the solid tyre. The other was its in- 
ability to withstand speeds higher than about 20 miles per hour for the rubber 
became disintegrated by heat and failures were frequent. 

The pneumatic suffers no such disability : the reasons are as follow. 
The cycle of compression and recovery which each part of either a soUd or pneu- 
matic must pass through once in every revolution of the wheel, consumes a 
certain amount of power in overcoming the internal friction of the material 
comprising it. This loss of power reappears as heat, and the rate at which 
the latter is dissipated from a particular point m the body of the tyre will 
depend upon, the thermal conductivity of the material, and the proximity of 
the points to the tyre surface 

9. The thermal conductivity of a rubber compound is very low — httle 
better than that of dry wood. While this constitutes an equal disadvantage 
for both tyres, if we compare the thickness of a pneumatic and solid tyre 
designed to carry equal loads, any point near the centre of thickness of the 
former — which is ohviou.«ly where the temperature is likely to become highest- 
wili be nearer the surface than a similar point in the latter. Hence at the 
maximum speed possible for the solid tyre the pneumatic runs consideiably 
cooler, and, in fact, its speed can be increased to a point outside that generally 
required, or possible for a modem truck because eventually, the rate of heat 
dissipation will equal its rate of generation, and the resulting temperature 
still rem-ains below the critical one attained by the solid. It will be noted that 
the difference in temperature characteristics is due to difference m thickness, 
and not power consumption. Actually the latter is somewhat higher in the 
1 neuraatictyre. 

10. Cushioning Capacity in relation to Pressure and Section . — The reasons 
for the increased cushioning qualities and higher permissible speed of the pneu- 
matic having been explained, it will be interesting, in view of the continued 
development in the direction of larger sections and lower pressures, to indicate 
the effects of these changes on pneumatic tyre beha^nou^. 

11. As is well Imowu, the cushionmg capacity of a tyre can be increased 
by lowering its inflation pressure : when dhsatisfaction with riding comfort 
arises, this is indeed automatically resorted to. It is also dependent on the 
cross-sectional width, for if the capacity of two tyres of different cross-section 
are compared at equal pressures, that of the larger has the smaller value. 
This means that if a reducofl pressure, satisfactory from the point of view of 
comfort (but not tyre life) is found for a small tyre, and a larger tyre is then 
substituted to operate at the reduced pressure, the same degree of coraferfc 
will not be obtained and a further lowering of the piessurc trust be made. 
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U .4 kfle tlioQcJif will m*iVcit cI^.'lr, iJirrcforo. tliat i» i\ chflnpe of tyr,' 
<qmpn^t from ^vhic}l nn m ruJinp comfort is con* 

tfmpIatM, the ddlrrmco in prr'»urc l»ct«ccn the ohi niid new tjTc mii'it ho 
psat eaoueh Bot onh* to provide the nhvioii^ adi'iinln^'c to he espectod from 
eo'eof a louer pr< »*ure. htii nf*^ to nw'fc the <l/*.-ihili(ynccompauyui;: tlje 
pec largeT f-ection n«elf. n'» ^u^)) Thi* .•iccounfs for flie mkIc dificrcnce 
QfrKfcres he'wecn tlic ]'ri •^'urr aiifl rre^'ure or Low I’rcs^urc 
«tia Low l’re'«urc tpc taupe'* 


• Damptnj Cajina/i/ ond Poterr Confiimj'ftou — Wc now come to n 

aeration of the dampinc cliararttn^ttci of n tyre ulnch nlTect its nbility 
O'cilbtion®. To make the meatune of tlu-* proj)orty clear «' e may 
^ t'cipht i** «ij‘p(ndr<l on a tlim coil spring and set moving 
tjj^ and downward motion, it will continue to o'^ciDatc for some 

_ . , coining to rest. If i}ic opcMtion is repeated with the weight and 
of the potential energy of each oscilla* 
jjji . ®®^®^'timedindispjacjngthe/luidit«elfwluchwillthijsnct nsa damper 
* height to rv't more gently and m less tune than hoforo. lly an 
WTflf the nature of its raatenals) and not design, a pnetnnallc 

ule ^ ®^larly in dampingont the oscillations of a vertically displaocil 
V, however, varies with type, ninl tlie moilcrn llstra Low 

[jj . 'CSS efiicient than the Jfigli rrossiirc in this respect, ‘liiol Hits 
oj «« apparent, for modem cars are lifted uitli “ slioek ahsnrl>"ia 
lienW^r^?" to supply an extra damping effiTt never found neeessiny willi 
^ *nga Tressure type. 


<>=‘“ping olility i, connwlc'.l xilli li« l»'"w wmxnni'tin" 
, “ ’•«r olvious manner. Iteturnhn! In llm illii'lmlln" f'™','’;''. " 

itoSSt™'’™'’®* imnirrscd in fliliil it "Hi t"' ii,i>i.inu\ llinl if llin 

EnerKT Io,t in displndns tlin llllM Ill rrU li>» In ' In'"' 

nsclHafion. (suclj n. iroiiW ni-riir l.y ll'lln! li lliii-';'’' 

SrT' f «“M Ini pratr-r. Siirl, i. Ilm ™*n, I'll' " '* it' 

of the total and l 0 Htranriiir«ilni». lint liliittit'. '' '* " 111 .' 

of their relative proportion. 


.Jf-J® if a Hlgl anil L-nv I’ln-nm mv-T nf 

'liaWpreKure rov-cr will I,.- tlicVrrali'f, llll'ininln. nlnl«lln»l«- 
Ut'^ to dtflfction, or iti* jaitt" (niismnplh'n. 

to'i°'‘P'’''''-tnon,umi>tio„ I.I..I M- Im* il""M'i"il 


rer,fP'«™re witliin n lyrn i•l■nM■•l"ll'. ' ' 


.....I il.»l I 


. , iiifn 

I innltilili* .1 
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for the geometry of a tyre is complex and can be varied withia wide^ limits 
according to the view of the designer : its material is not uniformlj 
stre‘?sed under deflection. 

17. For practical purposes the shape of the area of contact is elliptical 
any tyres of equal overall ^ameter, irrespective of inflation pressure, or section 
will, if deflated by an equal amount (say one inch) have the same length o 
contact. But the width of contact cannot possibly be wider than the widtl 
of the tread which is arbitrary. ObWously, therefore, if the tyres cany th( 
same load, a low pressure cover with a comparatively narrow tread woulc 
give a low pressure-area product while a high pressure cover with a wide treat 
would give a high product Xeithor would equal the load carried. Eliminatm‘ 
air pressure therefore, the most that can bo got from the relation betweei 
contact area and load carried is the average road contact pressure per square inch 

18. Intensitij of Pressure in the Road Contact Area . — ^The variation abov< 
and below this average pressure is fairly groat and is influenced both by th< 
cur-’ature across the tread, and the pattern. The rounder the tread, the highei 
will be the intensity of pressure in the centre of the area. If the tread is les; 
round and wider, and the deflection increased (such as for example, may b< 
considered to bo the case with a Ia>w Pressure cover) the intensity at the contrJ 
is decreased while a corresponding increase occurs at the edges. 

19. The hotter anti-skid properties of Low Pressure and Extra Low Pres 
sure tyres, compared with ffigh Pressure, is attributed to these difference: 
since any lubricating film present on the road will be scraped away as the tyr< 
commences to slide, and thus provide a clean surface for the “ follow-up 
area. Road contact-pressure can also be modified by alteration of treac 
pattern characteristics, for obviously if the portions cut away (f.ff. the groove: 
of the pattern) are different in two tyres otherwise alike, the contact pressure 
at local points will vary between thorn according to grooves size and disposition 

20. Surface Road-Wear . — ^The rate of “break-up ” of a thin lamina of n 
hard road surface or “ cutting-up ” of a plastic one must decrease for the ssmi 
load carried if the contact area of the tyro supporting it is increased. 1^' 
average road pressure of the pneumatic tyre is obviously much less than tha 
of an iron tyro (such as fitted to a bullock cart) which approaches a line contact 
This is true, even if only the local areas of High Pressure contact in the pneu 
matic are considered because the rubber pattern-blocks increasingly distor 
themselves as the road pressure increases, and thus tend to restore pressurt 

. equilibrium. 

21. At the same time, as the tread commences to leave tho road, th 
recovery of tho pattern-blocks from distortion causes a slip, and hence 
abras vo action between them and tho road surface, evidence of which is oasib 
discernible in the form of wear tho pattern blocks take. It will bo realise: 
that an abrasion of the road surfaco accompanies that of the tyre tread. 
amount depends upon the nature of tho road materials, but whatever thi 
may amount to, it would bo contra^ to reason and common observation to saj 
that it was equally, or oven as remotely, destructivo in its effect asthopuivcrw 
tog and cutting action of the iron tyre. 
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I have purposely refrained in my paper from giving figures. You vril! 
lealise that the many different sizes of tyres, and the differing conditions 
under which they work, makes the question of selection a difficult one bui 
if any members would like particular figures for definite types or sizes 
of tyres, I shall be very pleased to give them. 

DISCUSSION ON PAPER No. 12. 

Mt. 0. H. Teulon: Mr. Chairman and gentlemen, the exhibitions 
which the Dunlop Tyre Company have given us on the roadside, as we 
have gone along, of their tyres have all been under dry conditions. What 
I should like to ask Mr. Moss is, what happens during the monsoon? In 
Burma the mud is inches, if not feet, deep in many places and the 
Burmese cart wheel has a very narrow tyre and the construction of the 
ulieel is also narrow in order that they may cut through the mud and 
reach possibly harder grounds, so that they can move along at all. Is the 
bearing surface of the new air wheel sufficient to support the load in such 
circumstances where you have several inches of mud to contend with? 
Tf not, the introduction of the air wheel to the agriculturists in Burma 
IS quite out of the question because the carts must go on to the fields as 
well 0 $ on to the roads. I shall be very glad if Jlr. Moss can give ns 
some information on this point. 

.Afr K G. Mitchell: I would like to ask Mr. Mos<i one question. Are 
these tj'pica! graphs drawn in respect of a point load or in respect of a 
natural tjre resting on a surface’ Because in'tlie latter case, as the tyre 
deflects, the area of contact increases and I do not think it would be 8 
straight line 

,1/r G L ir. Mo 89 (ihc Author): Those curves relate to pneumatic 
tyres at constant air pressure and the increase in contact area does not 
affect them The area of contact does not alter in relation to the load 
applied because the width of contact is constant ns determined by the 
thread width If you hare an increase in deflection or load, you merely 
increase the length of the major axis of the ellipse of contact but that 
increase does not bear any direct relation to the increased load which you 
apply. It depends more upon the stiffness of the material itself. For ah 
practical purposes you may take it that the load deflection curve is a straight 
line. 

Chairrnan I too would like to ask one or two questions of Mr. Jfoss 
about the^e tyres. Generally, in the case of pneumatic tyres, we speak 
of suction action Is that correct’ I am inclined to think that the 
description of the action js not correct, because if that were so, the 
solid tyres would be better than pneumatic tyres. How, in the former 
case, can suction occur? Wo know that the same destructive action takes 
place on the road whether it is solid or pneumatic. You may perhaps 
snr, because of the wciclit the tyro pets depressed when the load is 
directly on a point and throws out tho dust in the act of recovering. lu 
addition, dust is throwTi out by the rain duo to centrifugal action also 

One other point is that in all your trials with bullock carts, you hove 
been using pneumatic tyres. I cannot see why you went out of your way 
to jirondf* pncuin.atic tyres for bullock carts In these cases the troublfl 
is the axle and the hub. You hare nice ball-bearing hubs fitfod to the 
axlei of the wheels and If you only fitted solid rubber tvres I think the' 
agriculturist would take more kindlV to it and vou would do much better 


■iu«inr«« nntl nlTrnl tmic-li hrupf.t to th«' flfTic:nUuri«t I fiipccstod 

thN point inrro tlinti nnco to tho loojlo coiicomM in Dotnbay nnd a1«o 
< a Mj-torc nnd I iIk* n.nf^r ncun inn* 

Mr. K (t. MiichfU I nm f-om T forpot one tliinj: I ^ould like ^^r. 
Mo's to drnl «illi m rr'ilrinc to tlio di^cu'-tion Jjoino rrnr« nffO in the 
Bnjn«Mick f xponm-’nlnl tr*t trnri: t!irv Fnpco«t«-d vnrK'ij« nnforial'i I 
fiink it dofinifriy ftinldi^lird that low pr<’s«ure pnoumatic fyrca were 
Jsr Jnoro dretnirtiro tlian Inch pro«tiire tyroc Pcrlifip? Moss will 

3m 1 with tint point 

Mr. .1 IP .\ Dtou Is It hot n that roii‘t<lrri»lih iiUTi'nsfd 

draught is roquirod for tlio same load with Ion pressure than w'lth high 
pressure tyros nnd iliat the oxlrn tractno eiTort may therefore damage 
Ihe road somewhat more? It fooms to me there is a direct relation 
>etncen the tractno effort of a t\r. on a road and the destnietne effect 
3( a tyre on the road 

Mr. G L n Moji* (t/ir .tuf/ior) I have been asked whether pnou* 
mntie wheels for carts used on muddy surface^ would be more or les? 
efficient than the ordinary type of wheel The groat advantage of pneu* 
matic equipment, of course, is that on ground in a somi-inuddy state, one 
:an by lowering the inflation pressure obtain on increased and concave 
contact area so that the tread of the tyre cups itself nnd that has o bmdmg 
ictioii m tlie ground os or which you are pulling Tlie tyTe wdll therefore 
dide o^e^ the muddy soil rather than sink nnd increase the required draught, 
if, of course, the ground is so watery that compression is impossible, no 
type of tyre would be either more or less efficient than another. With 
pneumatic equipment, it is true that you would have a w'ider section of 
tyre sinking to the firm foundation and I presume therefore that a 
slightly greater effort would be needed to draw the pneumatic tyro under 
these conditions, The great point is liowerer that where traction over 
certHin surfaces is utterly impossible with an ordinary type of wheel 
(because it has to sink to such depths to obtain firmness that it is 
impossible for the cart to be drawn at all), w here those conditions 
prevail, the pneumatic tyre enables them to be negotiated with more or 
less ease. 

From experiments which have been carried out on ploughed land 
it is found that the draw-bars pull for pneumatic tyred farm carts is 
about one-third of that required for steel tyred carts That of course is a 
very appreciable difference. On very hard and smooth surfaces, the 
advantage is still w’ith the pneumatic tyre but it Is not so highly marked; 
but even so the draw-bar pull is perhaps in the region of 20 to 25 per cent. 
le<;s than for steel tyred carts. 

The question of slippage or, as the Chairman has described it, the 
suction of the dust on the road, amounts to this. What actually happens 
when the tyre is in contact with the road is that the pattern closes up 
partially. This is to be expected because the arc of the tread is compressed 
into a chord length When the tread begms to leave the road the pattern 
releases itself again and promotes the slipping action of each independent 
pattern-block. This action combined with agitation of the nir by the 
revolving tyre trend raises a dust cloud Actually there is no suction of 
the tyre tread ns such. 
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Solid tyres could not be advantageously adopted for bullock cart, f 
the reason that on soft ground they have no advantage at all in tractn 
effort over the ordinary type of steel tyres. In addition a mere chanj 
from steel to solid rubber tyres would not give any appreciable advanta' 
in cushioning capacity. 

With regard to hoVse-power consumption in relation to lower inflatic 
pressures, it is quite true that the consumption does increase as the mo 
the tyre is deflated the more is the power consumed in the material ' 
the tyre itself. In the case of ordinary motor car tyres say the 
section on a car travelling at 35 miles an hour, each tyrp will absorb aboi 
three quarters of a horse poirer. If you change the 6‘25 section ' 
7*00 at a very much lower pressure, the horse power vdll increase 
about one horse pow'^r per tp*e which is an increase of 33^rd per c^n 
However, although these horse power figures look rather alarming, th( 
are not verv important Power losses due to tvros are onlv about ' 
per cent of the transmission losses in a car Some people have fotu 
that n jth tyres at very low pressure an increase in petrol consumpti^ 
from 0 to 7 per cent has resulted I have even heard it expressed i 
high as 15 per cent, but actually one would not normally expect j 
increase in petrol consumption exceeding 8 per cent. In any case, t. 
advantage of extra low pressure tyres in regard to riding comfort Is i 
marked that whatever disadvantages arise they are gladly accepted. 

I am afraid, I did not quite understand your point, Mr. Mitohellp ^ 
regard to relative road wear between high and low pressure tyres. 

.Iff K 0. MitcKell • It was proved I think conclusively on ^ 
Brunswick test track some years ago. If you like I will send you tl 
particulars It is all in German if you can read it. J suppose it was d 
to the slip. 

.Vr. 0 L TI’ ylos$, (the Author) It is possible that the question 
pattern slippage i\ith regard to road wear is important. It is also impo 
nnt to tile tyre manufacturer becau.se the pattern slippage deternaiu 
(more or less) the tread near Obviously the tyre manufacturer has 
produce a tyre which is going to give a reasonably long life. Not quite 
long ns some people would like it to be, but this question of slippage C 
he modified by nlteration in the tread design So that it is therefore qu 
possible that any experiment which took place two or three or more yc^ 
ago uoukl not now be very acceptable. That is all I have to say. 

• Chairman: Gentlemen, you will all join me in passing a hearty v< 
of thanks to Mr. Moss for his valuable paper. 

We vill noil take up Paper No. 11 Although it stands in the nfli 
of Mr. Taylor, it will be introduced by Mr. Pennell. 


The following paper was then subnilttod for discussion. 
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[VopfT A*0. 11.) 

xorrs ON* Tiir vi.xnt rsr.n ron gfARUYiKr, and oiiANri.AT; 
ISO and ori:n\TiNr, costs on thi: nAnrATi siiiM.oNG- 

ROAD. KIIAST AND .TAINTIA HIIXS DIVISION. ASSAM 


B. F. Tayhr /?, -Y Of[g Vhtrf r»yiH'Tr. .Iftmu. 

1. Grnrrni description — Tli<* qiiam* hn^ !*o<»n lonnrHl hy oxcavntiiig into* 
a smiill hill ono of which foM fine pram«l pncKs rock*. The nir com- 
pressor is hitiiat<vl well up the lull nliovo the top of this rock fnco bo ns to ho- 
out of danperV w.-iy during hlnstmp Tor siinilir reasons the prnnulator is 
about a hundre<l yards awnv at tlie foot of tho hill aiul screened by n small 
®piir. A quarry road suitable for lomes ruiinin" past the granulator and 
storage bins forms an arc to the n\am toad which pa'^os closo by. 

2. /’/rtiif cinplmjcil for qunrrytnq.—T\i<s following Sullivan machinerj' of 
the Sullivan Mochmory Company. Chicago (Solo agents for India — ^Maefar- 
lane and Company, Limited. 18, Tangra Hoad, Entally, Calcutta.) 


Cost f. o. r. 
Calcutta. 

R». 

Air Compressor, class WK312 , 8120 CJ by 5I .. .. 7,825 

Drill steel fomace (oil), class G. F 2 .. .. .. 1,000 

Drill SbarpcQcr, class C « • . • • * . . 2,375 

Rotator hammer drills, class L7 . . . , . . £00 


It was found easier to get good tempering with an ordinary smith’s 
tripod furnace using coke than with the oil furnace. "When the furnace and 
sharpener are in use only one drill can be used and although when no- 
sharpening work isheing done it is possible to run two drills it has been found 
that better progress is maintained by running one drill only as with two drills 
running simultaneously full air pressure cannot to maintained with the result- 
that the rotation speed of the drills drops with corresponding loss of efBciency. 
Also even when only one drill is working continuously the sharpener can only 
just about manage to keep it supplied with sharp and properly tempered 
drills since each drill only gives from 8 inches to 1 foot depth of hole before 
requiring re-sharpenxng and tempering. Three sizes of drills are used, t'.c., as 
the hole deepens its dianroter diminisles, the larger drills give ratter more 
penetration than tho smaller ones hcfoio requiring re-sharpening but the above- 
may ho taken as the average penetration per drill. "With this Compressor 
therefore it does not pay to ueo 2 drills. 

3. Plant employed for ^mnidatinj.— The granulator is a 12 inch by a 4 
inch portable Hadfieli complete with screen and^ loading platform. Costa- 
f. o. r. Calcutta 6,350. (Solo agents for Hadfields.Iimited.SheEBeld :—3lesErs> 
Balmer, Lawrie and Company, Limited, 103, Clive Street, Calcutta ) 



200 


The standard dust excluder has not been found long enough as dust was 
•still coming through with the smalicbips. It has therefore been lengthened by 
15 inches allowing just enough room, 6 inches length of screen, for the small 
chips to fall out before the first line of 3/4 inch diameter holes for the large 
chips is reached. Changing the jaw3 and adjusting the clearance between 
'thorn to alter the proportion of large to small chips produced is a very simple 
matter. The jaws bothfixedandswingcost Rs. 50 each f. o. r. Calcutta. The 
'teeth of the jaws are worn flat after producing 2,500 to 3,000 eft. of chips, 
when they have to be replaced. 

The granulator is driven by an 18 B. H. P. Lister Diesel engine mounted 
on a trolley complete with cooling tank. 


(llessTS. Balmer, Lawiie and Company ate also the agents for these Lister 
■engines.) 

Rs. 


The pnCfs, f. o. r. Calcutta, are — 

18 B. H. P. Listef engine . .. .. 2,485 

TroUoy and cooling tank . . . . . . . . 152 

The Fuel 0 J used u suppbed by the Digboi Oil Wells m Upper 

Assam, the cost ex.godown. Gauhati. being . . . . 97 ♦ J 2 pet too 

The consumption is less than half a gallon per hour. 

This ougino was supplied without any aii filter and considerable trouble 
was experienced due to dust, which is produced in clouds and forms an excel* 
lent abrasive, getting into the engine and wearing down tho cylinder walls till 
air compression is lost. 

After various trials a very satisfactory filter was evolved. Tho air intake 
pipe was lengthened some 20 feet and taken outside the engine shod, the end 
bent over at right angles and let into a 40 gallon drum with about 1 foot of old 
crankcase oil at tho bottom, the mouth of the pipe being kept an inch or so 
above tho surface of the oil The air then enters through tho bunghole at the 
"top of tho barrel, passes across the surface of tho oil and so up nto ihe air 
intake pipe. The barrel becomes full of oil fumes sulficiently thick to catch 
"thodustwhichfallsintotheoilandsois trapped and pre%*outod from continuing 
to circulate in the air. This is the general principle of tho air filters on the 
Caterpillar tractors and is most efficient. 

Tho engine should bo sited up wind of the granulator and the driving belt 
bo sufficiently long to keep it 20 feet or so away. MTionboth tho granulator 
jind tho engmo are working under cover, tho granulator shod should have 
OfKia sides, or tho dust becomes suffocatmg. Tho engine shod should have 
walls, a dust juoof wall with a small opening only for tho bolt drive being 
.essential I»otwoon tho engine and the ^anulator. These .engines are provided 
with cylinder liners but they are evpeiwivo and it is worth while going to some 
trouble to keej) tho engine room as free of dust as possible. 

•1. O'lttiirii . — Eacli rotator hammer drill gives 2-5 to .^0 feet of hole per 8 
hour worlcing d.ay according to tho hardness of the rock. 

Tho granulator produces on an average 300 eft. of chips per 8 hour day 



CrnatnKo prov<vl nnjrh rmr*' tliin c'liimito n' tlio Iatt<jr did 

tot Eh3tt<!‘r tl!<» rorl: Eufri^i''ntlr cMitin*' «thiM proliaMv ciro fltill 

Mtcr shaltcnne J'’it ts fomnI^r»^l too iin'af'' for »<<’ I'V Jitiskillcd 

labour. 

C. Cofft . — Witli labour ralo^ .n not<vI tlio follotrinc nrr tbo co«t •— 

Cornprr««nr ilnrrr who nUn ►liirjwn^ •n<l <ojnf«'r« 

tlio.JnlN - •!.' rorni<*n«»'m 

Hand.nn^n .. •• I’« 2 * por mpn«pni. 

Lutfrcrinn'' <lnv<T . • . I’.«. 3"» porm^n'cm. 

iran'l\'nnu ..... n«. 20 por moa'cm. 

Ilcvhlnlhr . -- . 1-4 pcrriar. 

.\s']st&nt tlnllor . ..... .\«. 12 pord^j*. 

Coolr. malo .. •• .• •• .\a. 8 pcrdar. 

Coolr, women .. •• •• •• Aa. C pcr<lay. 

Cooly, bovfc . . . . . . .. Xt. -1 (0 0 per day. 

Anohjsis of ratc^ for lOO eft of ^ranuhlf<1 fine graincil gneisi chips from Bashari' 
quarry in mtk 34/5 of the Gauhnti-Shilhng Hood including quarrying hr$f 


stone. 

Bs. a. p. 

I Cost of running the Compressor for 100 eft. of large slono 4 C 0 
2. Cost of dnlling . . • • . • . . . . 0 7 10 

3 Cost of blasting .. .. .. .. ..278 

4 Cost of clearing and breaking toslio .. .. 1 15 0 

C. Cost of carnage of largo stono to granulating shed .. 10 6 

Total quarpung costs per lOO eft. of largo atone of section not 

exceeding nr ihefies by 4 uicfiea .. .. .. 10 4 11 


For 100 eft. of granulated chips 126 eft. of largo stone are 
required s — 


Ks. a. p. 

Cost of 125 eft. of largostono at Its. 10 . 4-11 j 2 jo 3 - 

Allowanco of 5 pereent. on Bs. 12-12-3 for unsorvice- 

able stono obtained by blasting .. .. 0 10 2 

Cost of granulating 100 eft. of chips .. .. 6 12 0 

Cost of carriage to storage bins and boxing 100 eft. 

ofehips ,. .. ..0 12 10 


Total .. 10 15 3 
Say Rs. 20 
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{Paper No. 13.) 

TEST TRACKS— A SUGGESTION. 

C. D. N. Meares {Standard-Vacuum Od Company.") 

The object of this paper is not to give any startling infonnatio 
rather to offer a suggestion which, should it meet ^ith general ap] 
and support, will, I feel sure, lead to a very definite advance ii 
scJence of Road Construction in India. 

2 In brief, the suggestion is that we have in India now read 
stage whera independent experiment with different road building mai 
and specifications should be discouraged in favour of the estabhsl 
of a cential Road Authority, or Authorities, who would undertake 
research necessaij under the tnost economical and favourable condi 
Theie aie two aspects to everj- road problem: the theoretical or laboi 
side, and the practical or 5.er%nc4i side. For maximum efficiency 
necc«5arj to pioMde facilities to study both. The theoretical or laboi 
Bide requiies no enlargement, but the practical Ride is quite a difl 
matter, and calls for considerable outlay if experiments are to be t: 
taken by each and every local authority on actual sections of road ’ 
are propo'sed for treatment Apait from this, however, the greatest < 
tion 18 as regards time— it takes years to get results and during the c 
of these veais most of the personnel have changed, records are lost 
longer maintained on the original lines, so that the experiment has 
ultimatf* laUie The ideal condition would therefore be to reduct 
piaeticnl or service side also to a laboratory problem in which all the/ ft 
to be considered can be reproduced on an economical scale nud i 
exact control This ideal brings me to the subject of this Paper, 
Tracks 

3 A Test Track is simply a road surface laid precisely as other sur 
under noiking conditions, but carrying exactly controlled and inten 
tratlic, so that the hfe of any particular spocification or material ca 
rapidly inon'^urel and co-related with existing data to give a substan 
accurate estimate of what that particular specification or material wi 
in practice In this connection, a brief description of the Test 'i 
coii-^tructed by the Dutch East Indian Road Association at Band< 
Dutch East Indies, will bd of interest. 

4. Thr Test Track at Bandoeng. — ^I’he Track is an oval with str 
sides each 135' long, connected nith ends in the shape of semi-circ) 
."O’ radius, giving a total length of approximately GOO'. The paved v 
is mid on either berm there is a rail mounted on concrete sup] 
to act ns a guide rail for the vehicles. Tr.iflic is restricted to two vehi 
Olio a Rvntlictic motor lorry running at 14.10 m. p. h. and the otb 
synthetic bullock c.nrt miming at 3 m. p. h., both of winch are electrii 
dri\en and take poucr from overhead wires. The running of the veh 
is oontrollo'l from a main sn-itchboard and they are guided nutomatii 
by beinc connected to the guide mils. The bullock cart is connected ' 
llio in«id<‘ cuido rail and the lorry with the outside rail, while the con 
lions are teloseoping, so that the wheels travel over a comparatively b 


o- 0{'cratiQn — Tlit; mclb'jd o! ojicriuton is to liiviiu Um track into 4 
sections, each cuutauuug haU the length ol one straight and half Ibo 
adjoining curM,. Thun four giparaic ond d«>tmct trials can be earned 
titil shnuhanoousU under preci^eU irmihir conditions. The vehicles oro 
started, and on nutoiuatic counter rvoirds the number of revolutions of 
each. I'hotograpiis arc taken at frequent mlortals, and careful records 
Lejit of the wnuition ol each strip as thu tf}.t progresses. In order to 
get even more accurate data a Vrofilo-mctcr which records the profile 
of the track nt different «tages "ns also triod, but tins has not proved 
entirely effective 

G. Costs antf f-munce — The total cost of the track, mdu-jive ot vehicles, 
"as m the neighUiurhood of 35,000 Guilders— about Ils, 52,000 at the 
present rate ol exchange — a not unn .isonablc figuic This outlay was met 
from the funds of the P E I Road Association "hich m turn is financed 
by grants from G<-i\frninont and Local ,\uthorities Tho first tests carried 
out on the track wert- all undertaken at (he expense of the Association, 
but since then it has become the rule for firms dealing m Hoad Materials 
to donate the quantitN required for any tests they advocate, other costs 
being borne h.' the Association The present procedure is to undertake 
tests at the mce of any Road Autlionty or approved suppliers, the cost 
thus being divided httn-een the Association and the Supplier in the latter 
instance It is considered that no firm of repute is hkelv tn ask for tests 
unicss they are rensonahlv sure of themselves, and m such cases tho 
Government also benefits by the data obtained and thus the arrangement 
is equitable to both parties Information regarding successful tests is 
disseminated regularly among subsenbera to the Association, nnd ifc cannot 
be too strongly stressed that in this direction lies lb© true value of a 
centralised Test Track 

7. Adaptation to Indian Conditions. — ^Far be it from me to criticise the 
Bandoeng Track, hut failing an opportunity to discuss the matter with the 
Dutch East Indies Road Association authorities, it seems that there arc 
several possible improvements and econotnies Commenting with due 
diffidence — 

(1) It would appear that an improvement would be to have one 
wheel of each vehicle running m the same track {I mil onk-rge 
on this subject lalerl Experience m India leads me to believe 
th.at most of the damage to unsurfaced roads is done by the 
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the number of revolutions of the lorry in the latter case to its number- 
of revolutions as a lorry proper. a Test Track On these lines, three 

separate and distinct results would ba obtained. — 

(1) Of lorry traffic alone, as on roads, where carts stick to the sides 

and fast mo^ng traffic holds the middle ; 

(2) Of mixed lorry and bullock cart traffic, as on roads where trafSc 

is distributed ov^ the entice width; 

(3) Of bullock cart traffic under conditions, such as |(1), showm; 

what would happen to the sides of the road. 

15 The application is obvious. It may be ^ound that a comparative^^’ 
cheap specification could be used on the centre of the road and a more 
expensive for the sides Even more exact data could be obtained by 
considering direction and load in the traffic census. Let us consider an 
actual example of wotldng the Test Track in which it is desired to compare 
the respective merits of 3 or 4 different specifications on the approach 
road to a town Assume the following data: — 


Width of road 
Bullock carts 
I/jrries 
Cats 


13’ 

300 per d'ly, 
100 per day. 
80 per day. 


Test track carries a train of 8 bullock carts. 

Two cars equal one lorry. 

IG The specifications to be tested would be completed under the naost' 
careful supervision on the Test Track, and the test run continuously' 
relation betneea bullock carts and lorries is as 8 1’4, but since ^6 

have a tram of 3 bullock carts, the number of revolutions is reduced to 
the proportion of 1 14, or, in other words, our bullock cart train must run 
1,000 revolutions to every 1,400 of the lorry proper. You will note that 
in. the example 1 am omitting to take into consideration the revolutioaa 
of the lorry while proceeding at 3 m. p b., as I very much doubt if this 
factor need be included at all 

17 Now the bullock cart tram runs at approximately 3 m. p. 
say, 27 revolutions per hour, while our lorry runs at 20-25 m. p. h., o*" 
say, 200 revolutions per hour. A typical start of the test would be to 
the lorry for one hour and the bullock cart tram for 5 hours. Slight 
adjustments in this schedule would be necessary as the test proceeds to 
l:ocp the relationship constant. Let ug assume that the tracks made 
measure an average of 2' in width, and that for any particular specification 
wo get the following results: — 

(1) The cart tr.ack requires mamtennnco first at 10,000 revolution* 

of tlie cart (during which timo the lorry has done 14,000 revo- 
lutions) ; 

(2) The lorry-cuin-cart track requires maintenance at 15.000 

revolutions of the cart and 21,000 of the lorry; 

(3) The lorry track is intact at the end of Ibis period. 

19. To interpret thest results it is easy to calculate that in 




Hiprcducd l,j Court,,, cf a, AT. B /, Umi J,.oci=t™. 
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DETAILS or THE AUTOMATIC TELESCOPIC CONNECTOR ARM 
FROM GUIDE RAILS TO VEHICLES 






this extcctatioa of lifo triU^t bo liv nny (nctr-r founil nf'ccs-ary 

between acluil and ic-l Iricb raft my incnl.oa 'if co*rclattvo 

tests. 


U' li bullock cart<i nro distributed oxer Uie 'xbolo tvidlU of tho road, 
iiorietcr, and Uicir irncks iiux with tlic lony tracks, we have result (2), 
but distributed otcr J2' instead of 2', to that the «xP' elation of life without 
mamlcnancc is 0x150 d'kyB'^fKX) days. We know also, that if tlio carts 
Inick cGc bolimd llic ether, |>rubably on one K‘dc ns is frequently the ease, 
ne can expect the rest of the toad in aland up without uiamtcnanco for 
t-OO da\s. but that the sides will have to be constantly rcp.urcd. From 
the inlorniation we may find that it xvould be more economical to uso ft 
l.eaxier specification, or. j)ii«siUly, widen the road to 18' ftnd put >n ft 
heavier si'ccific.ition track G' wide on one side for bullock carts going into 
the town htaxilv loaded Ana way, the point is that data of this Kind 
would be a VC r% real help In any Engineer engaged m the designing of 


20. It IS hardU ncccs-mrv to mention that the possibilities are enormous. 
A test such as that described would take only ft little over ft month, cost 
€av Rs. 5 000 and might well be the rncans of saving ten tunes that 
rum. Gamed to its logical conclusion. I can envisage “ 

that briefly outlined will, m the course of ft few years, reduce Road Cons- 
truction to vorv nearly an exact science. Charts can be prepared for 
difleteot localities, cegresotes nod specifications m ,''>>’=3, " 

«ils to lorries nrs plcitcd ngomst the cjpcctalion oi Ills with ““fi 
msintennnoc per 100 vehicles per toot in width for different conditions of 
traffic. 



DISCUSSION ON PAPER No. 13. 

Mt. 0. D. N. iilcarea {the Author): ilr. Chairman and gentlemen. I 
have very little more to add to this paper but I would like to take this* 
opi)ortunity to thank those of you who have written or spoken to md 
offering suggestions One suggestion is that the track as envisaged is too 
big I pointed out in the paper somewhere that four tests are earned 
out simultaneously, and I thi^ you will agree that with a sis hundred 
feet track and only 150 ft for each test, it is not excessive. Another sug* 
gestion was that we should introduce gradients on the track. I do not 
think that is very feasible. (Applause). 

Chairman (Mr H. A. Hyde, il/.C.): Does any member wish to ask 
any question in connection with this paper or to offer any remarks? 

I should like to say myself that I think this idea of an experimental 
track might be of the greatest value and I think in connection with the 
Roads Congress a centr.al experimenting station including a track of this 
nature should be seriously considered. As I tbink Mr. Mitchell suggested, 
we would exchange results of experiments and experiences; nearly every- 
body has made experiments with various types of roads, and if some or 
this experimenting were centralized, it might have the effect of caving a 
great deal of money. An exiierimenlal station for practical tests and a 
laboratory attached should I think be seriously considered by tbe Road 
Congress. Has Mr. Mitchell got any views on on experimental station 
ot that nature to be started and financed from the Road Fund, instead oi, 
as has been happening, giving out a certain amount of money to the Pro- 
vinces for purposes of experiment’ Has anybody got any ideas on this 
point ? 

Mr A ir H Dean- One thing about the experimental work done ift 
Delhi is that we saw things that had not been tested. If wc hod a 
track, then definite figures would be of value. 

A Member Is it proposed to introduce more than one test track? 

Mr. 0. H. Teulori: It seems desirable to have one for a dry country 
.uid one for a wet country where the humidity and high temperature can 
rapidly disintegrate most things including road surfacing materials. We 
sliould therefore take into consideration the question of materials for us© 
in earth roads 

Chttirmiin That is an obvious disadvantage to having a tost track; on© 
lest track could not very W'ell introduce the climatic factor; but even so, 
1 should imacme that if a test track in Delhi for instance were used 
during the rains, during the hot weather or during the cold weather, on© 
could obtain certain amount of variation even in a central place but not 
quite to the same extent ns might be desirable. 

Mr. C. D. N. Mcarcs (f^ie Author): The suggestion I had in my mind 
was that the first test track should bo in Delhi so that wo might get 
Some idea from that os to the type and its usefulness and so on, and 
later on. if wc find that there is monoj' available, to establish one fof 
each Province. That answers Mr. Teulon’s question I think. 

.Ifr. G. Ilcid Shaw: I think this is a most excellent idea if it is going 
to he done properly. If we ore going to have a proper tost track and 
laboratory, the work must bo done properly and this will nocessilato lh« 
co-operation of the chemist and physicist as well as engineer. It would 
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no ll'o r<-«iili'‘ nrr nt P^'.hi nn ol'»ol«t<'lT 

coiTi-c( definition oJ tlif iton^ nn>1 lie* ronjilioa uJuler ^'hich it u^cd 
s-*e p\in. 

*'*■ ^ mrfffJ'lod, I ihink in connection 

'"ili the Jott trnc].'. n ornlTnl j-t-.ti-m nnd n |n!»rirnte-t% for tc<i(incr 

rsateriil as \srU. 

G. r.fifj ^hiitr 1{ vio can that, of coiir*" it wonld In' ino«t 

D. yiacfarUnr Mijrlu 1 fuccr't for what it is worth that if this 
‘"«f track i«; pmne to t'** rv:n at all with or uitfjout n testing Inboratorr 
* 2 d clioniiwtw. it it ftt, ntnlK n thmp tlial imj<l ho contrahrctl l)y tho 
yo^ennnent of India Wo \\ouM not pot nnswhorc if we merely dis* 
C'JS«ed anionp't our-oKo'. what nn cxcollonl tlunp it would be nnd thrn 
left it at that nnd hoped for the I would supt’csl to Mr. 

-Mitcholl not :\s; Sccr(tar\ of tlu«i ConeTC<« hut n«i tho Consulting Engineer 
fHoade) that thi«^ (V.ncri '■v mipht pa^o n formal resolution that we should 
recommend to the fioacrniU' Jit of India tliat the\ <liem‘*eUes should sta’t a 
research bureau ju'ti' or loss on the same lines ns is I think done m the 
of irricstion rf'-'sreh I do suggest for what it is worflt that if w'e do 
pa«s a formal rr solution s-amethmg might poesibtr come out of it. (Loud 
Applause.) 

•'fr. K G Mr Chairman. I think we oucht to be very 

pratpful to Mr Menres for hrincinc this to notice porticulnrlv at' this 
juncture beenuse "e are now possihlv in a position to po ahead with it. 
If this Congress is to come into being ns we now all hope it will be and 
if it is to have committees for promoting research and intelligence, it 
will be possible for us to do a great deal in this way under your direction 
and advice So long as wc were somewhat isolated and had to correspond 
■' ith each other through purely official agencies, that was not easy The 
congress met this morning and amongst other things proposed is to 
appoint a technical committee to consider that are the most urgent ques- 
tions vhich will have to he taken up, to recommend on what subjects 
papers might be read at the next Congress, and generally to advise on 
future research and intelligence Here you have proposals on the one 
hand and, on the other hand, you have a body which is eminently 
qualified to deal with them Mv own ideas are nebulous at present, but I 
have had it in mv mind for some time that, with the transfer of the 
agricultural research station from Pusa to Delhi, which is perhaps not 
very^ popular evervwhere, it does give us an opportunity of having 
scientists here on the spot and possibly there is plenty of room and we 
can combine this test track with them and have a road research station 
in conjunction with the agriciiUnrnl research station and you can see alt 
the scientists who will be on that station and who will be of very great 
assistance to us in connection with » vast range of subjects including 
soils or earth roads and so on 1 think if the congress will now pass a 
resolution saving that they consider it desirable that some kind of central 
research station including a test track and other equipment should be set 
up. it ought to be possible to do it in conjunction with the agricultural 
research station and I think that that will be a very suitable arrangement. 
As regards the Provinces subscribing, possibly that vould not be neces- 
sarv at this stage because, ns you Imow, tho reserve in the Boad Account 
was created infer flh’a to provide funds for research and evperiment and 





I cannot conceive that that money could be better applied than in having 
a research station if it is not too expensive and to carry out a programme 
<if research directed by the advice of this Congress. (Loud Applause). 

.Vr. D. Macfarlane: If I understand Sir. Mitchell correctly, it means 
that his hand would be strengthened if a Eesolution to this effect is 
passed at this Congress. 

Mr. K. G. Jtitchell then proposed the following resolution; 

“This Congress recommends to the Government of India that a Central 
Itoacl Itesearch Station including a test tract should be set up in Delhi 
and be financed from the Central Beservc m the Road Account. The 
details and an estimate of the mitial and recurring cost to be worked out 
by a technical sub-committee of the Congress”. 

Mr. D Macfarlane' I think we can get the sub-committee of the 
Congress to work out the details to-day. We should merely put forward 
the form of the resolution and leave it to Government to find the money. 

Mr. K. G. Mitchell: We have appointed a technical sub-committee of 
the congress and it seems to me that it is rather for that body to advise 
us how far we can igo. 

Mr. D Macfarlane I thoroughly agree with you on that point but I 
rather doubt their capacity to do so. You, as Secretary of the Congress, 
arc in a better position to do this 

Mr. S. S. Bhagat: We might indicate on what lines we want this 
track to be constructed. We might say about the different materials and 
also the different traffic conditions All these points should be brought to 
their notice when they consider the construction of this track. 

Mr. K. G. Mitchell: It will all have to be gone into very carefully and 
that is the reason why I wish to get the assistance of the technical sub* 
committee. 

Mr. S. S Bhagat That is exactly my point. The sub-committee 
would probably be more able to help on those points and then the Gov- 
ernment of India can get on to the job. 

Mr K G Mitchell This is a matter of great importance. Actually 
the Provisional Committee this morning has appointed a sub-committee 
tthich consists largely of people who are not too far from Delhi so tha* 
•they can meet fairly easily. It will not be a question of postponing it. 
had better leave the Resolution like this: 

“This Congress recommends to the Government of India that J 
Central Road Research Station including a test track should be set 
DoHii and he financed from the Central Reserve in the Road Accouo^-" 
.tfr. D. ytacfarlanc: We had better not throw cold water on the effort 
■of the sub-committee. If they can get down to any concrete proposals & 
much the better. A speaker said this morning that he did not quite 
where this Congress was getting nt. Here is an opportunity of gett^' 
at fiometliing definite and concrete. 

The Chairman put the Resolution which was passed with ncclameb®^ 
Mr. K. G. Mitchell: We would like to discuss the constitution fl” 
future Committee at half past two to-morrow and we shall then fini'o- 

The Congress then adjourned till 10 a m. on Thursdoy, the 18th Poceff 
her 1031. 
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Toarth Day: Thuwday, December 13lh, 1P2J. 

Tfcc CcinrTr<s mt-i'mKV 1 nj 10 » >i., Mr. O, H. Tcubn, Cliiof Knp- 
cetr, Public \VcrV< I)cf irltn»nl, Hum*', in ibr OJjajr, 

C^ioirmcn : Grntli jiT-n, it }n« to tr\V'' up pnpore 7, B 

0 (ocftbcr. I lIujHf'rp n*;!: Mr Greening binillv to inlrcducc lijs 

’sper N*o. 7. 

The follonm? p'ljur vn«> tlitn sobm>ttctl for discussion. 
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{Paper No, 7.) 

THE USE OF CEMENT FOR THE CONSTRUCTION OF ROADS 
IN THE BOMBAY PRESIDENCY 

BY 


L. E. Greening, Executive Engineer, Bombay. 


1. The advantages of cement as a material in the construction of toads 
has been recognized by the Public Works Department of the Bombay Presi- 
deiicy, but its use has been, by reason of financial stringency, restricted, and 
as a result such construction is largely in the experimental stage. Tlie roads 
of the Bombay Presidency in the charge of the Public Works Department 
arc for the most part in open countrv, connecting one large toivn with another, 
passing through scattered \TUages‘only. The portions through the large 
touns and the subsidiary roads therem do not normally come ^vithin thfr 
province of the Public Works Department, but uithin that of the Munici* 
pauties concerned. 


In 1930, an experimental length of cement macadam road was con- 
structed on the Poona-Nasik Road m the Nasik Division. The method of 


construction ^\as the “Sandwich” method in which a layer of trap road 
metal was first laid loosely to a depth of 21 inches, true to longitudinal grade 
and camber, and lightly consolidated by means of a road roller of 10 tons 
weight. Lpon this initial layer of road metal, drv- mortar consisting of one 
parts of sand by measurement, was laid to a deptb 
ot inches. Over tbs a final layer of road metal was then laid to a depth 
of 4 inches, after which the surface was lightly watered at a rate of appron- 
matcly do to oO gallons of water per 100 square feet, the quantity varjmg 
+ *1— ♦: r — The Surface 


, ;*i *i * f . — ^ ivv square leer, tne qua 

with the atmospheric temperature at the time of application. The sum 
was then consolidated with a road roller, until the mortar appeared on the 
surface, ha^^ng filled the voids in the road metal, so as to form a homogeneous 
material. On the completion of the rolling, the surface was Ughtly tamped 
by means of a heavy wooden screed in order to remove any inequalities, 


I , , screen in order to remove any inequ— - 

nn<l then cured under water fur a period of U days, after rvhich a tatb« 
period of , days was allowed to elapse before the toad was opened to traffic, 
fins tjTo of eoiiatruclion cannot be said, however, to have been a success 
fcoon after completion several longitudinal and transverse cracks made tlicn- 

"*11 hot bitumcn. Lalct, the Eiirfaw 
commenepu to .. .. , not 


j It- ircaim witn hot bitumen. Later, tue 

commenced to dismtepatc in places, where ptesiiniably the mortar had not 
tlie layers of road metal. No expansion joints '«» 
nt first pronclcd hut later these were found to be necessary and were pronded 
of rrevcnlron of transverse creeks. Considerable trouble was 
,, . 0 loints because the roller could not be used for consobda- 

nrceUV‘„''L’oT ‘Ms important function iadol 

fiftl’ ^’(v 1 , tnoaua of band rammers. A possible solutie 

Of Ulis lllfGcultV hes in +T.« •_ a .* l.nT^ 
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cf Mt 0 inrlir,* in widili diitAnrr^ M whi'-li jnint« wrrj' to o^ccur* 

»sd to ftlloxv tlirm to fft niri<5'titlr liMil to cartr tv rrod rolirr nrTtxi tlicm. 
Tic cnct of tic Cfincn! mftr.i'lsm roulway in #jiif«t)on nmniintnl to IN. 2-0-0 
or one rquarc j nnl of fini'l'-*! futfnco, for tclirli ntr-i lie qtniitity of cement 
:*cd vra^ nyproximatrlv 50 ll*. 

3. For tie jnirj>o‘^‘' of fomp‘vri»nn n true cement ronrercte roulvrtiy 

■&s hid on lie patne roi.l in IWl. Tin* con«5»te<l of three width* c.ich of 
>^<5 feet, the total vvi<lth of roadwav thii* he'me 27 feet. The pection of c.ach 
■idtl or fhh \\a« of the dimm'inn* 0 inrhe*nt the e<ij;e<i, rnhicin;: to J incite* 
'I tic central t\vo feet, and e.acU *l.ah wa* l.iid in leiicth* of 55 feet, quite 
^cpcndcntly, on the ‘trip meth»*«l Ttaii**or«e joint* Merc provided, a 
^moulded liitunun filler of 5 8 inch thielcnr** heini; u««l for thi* purpo«c. 
0 lonfituiliml joints \'cro u^eil. each concrete ‘•triji Imttini; npain*! tho 
l<!r. The rondvv.av. the cn4 of winch wa* \U per fijunrc yard, hoE 

fo far entirolv ‘urce-.ful The proportion* of tlie concrete were 1:2* 
and pa\c. on tr'-t nn averayr cni«liin;: ‘tn njit^ nt the ncc of 28 days 
^ ■140 ton* per 'qu-arc ft>ot 

4. Knrly in 1955. on the I’oona-Ahme<lnafrar Uoad lu the Poonn DK-ision 
short length of rondw ay w hod convpo■^f*l of vide w idth* of cement concreto 
feet wide and G inches tlmk. and a central wulth of 7 feet C inches of bitu- 
inous (proutcdl ninradani. Tho object nas to provide a cement concrcto 
ack on each side for flow inovmp bullock cart traffic, and a central ividtb 
r the pa**ago of fast moving traffic. Onmg (o the short length of time 
iring which the road has been subjected to actual traffic conditions, no 
jfinitc opinion can nb yet be given as to the degree of success attained. The 
ment concrete side strip* bad a uniform thickness of six mehes, and were 
id in lengths of 40 feet. Expansion joints of the pre-nioulded bitumen 
pe iverc provided and also tlirce atcel dowel rods were inserted at the joints 
icli hasung a length of 4 feet and a diameter of ^ inches. 

5. In the three types of roadway described, the cement used was manu* 
ctuied in India, and corapbed in all respects even the requirements of th& 

British Standard Specification. 

G. There are, it is considered, two factors tending to militate against 
the more general use of cement in road construction in the Bombay Presi- 
dency, the one, being its comparatively high initial cost, and the other, th© 
essential need of construction by somewhat highly skilled labour. As regards 
the first, the present unfortunate financial position operates adversely and 
in tho second case, the labour which has of necessity to be employed is of a 
low order, requiring constant and detailed supcrsnsion. Purther, the volume 
of traffic other than in towns and large 'villages is not such as to warrant 
Buch comparatively costly coustrnction. 

The problem of the slippery surface has not so far arisen to such an 
extent as in other countries due posssibly to climate and to absence of 
intense traffic conditions, certainly no complaints on this score have so far 
been made by users of the highways of the Bombay Presidency. ' 


/ 


Mt. L. E. Gicening {the Authoi): ilr. Chairman and gentlemen, I have 
■very little to add to my short description of the use of cement in road 
■construction in the Bombay President. Two types ot construction were 
employed that is cement macadam and cement concrete. The cement 
macadam was laid for a length of one mile and was not a success. In this 
respect, I might mention that a similar length was laid shortly afterwards 
in the Poona division. They no doubt profited by the length we laid down 
originally and this has showm far better results. The length of true cement 
concrete has been, so far ns I am aware since I left the Nasik division in 
1931, entirely successful. The second length of true cement concrete 
referred to m the paper now before \ou follows generally a similar t\pe 
of constiuetion to that of a trackw’ay or crete way in the Lyallpui’ district 
which we were recently privileged to inspect. In this ease, however, the 
concrete strips were of a width of 6 feet and were laid directly on to the 
original water bound macadam road after it had been resectioned, such 
resectioning being necessary to ensure that the concrete strips had a uni- 
form bearing which I might emphasise as being an essential factor in con- 
crete road construction. The central portion between the concrete strips 
•was laid m asphalt grouted macadam That is all I have to say. 

Chairman Will Mr. Turnbull please introduce bis paper No. 8. 

The following paper w’as submitted for discussion. 
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rKMrvT <'<»V('?:rTr 

I \ 

\V J TurnluU. It Sr. Mhutc.r. 

(T))** Conrrrt*' A«*-‘v-i«»tinn o( ) 

Om’nc urprjirv of tlio iliMntini for ronI« (n nn'f't cxi^linR trafiic 

fe^luircTnonte, ro*rnrf'li lncp''1 conMnjrtinn. nnd mnny concrotc 

■’^ads hnvo \^o<'n 1 tu\ wiibnut « (»»U IvUowImIco of Uir mnny factors nlTpct- 
ng the de«icn U>-iln\ wo can f ly ilu»l our knowlrclge of these 

actors lias reached the Plnge s\hon «•' call do'ijpn with nssuranco n road 
'hich will meet the oxiconcies of moilcrn trnfTic nl least. 

2- As in every otlier problem of f-tructurnl design, the desigjiing of {* 
concrete toad resolves it«eU into first, n decision ns to the forces winch 
act on it. and second an ccononncal design of a concrete slab that 
"■ill resist these forces With our present knowledge of concrete, tlie 
Second U fairly straight forward The first, or estimation of the forces 
which will act on the road, i^ inueh more diflleult, and this difficulty Is 
due to the lock of uniformity in tho 6ub»grnde. 


The siib^rade 

3 The subgrade may be defined as tlie natural foundation upon wliioh 
the concrete slab and its loads are tamed, ns for example, virgin soil 
A base on the other hand is on artiiicial foundation such as an old water- 
bound mneodam road To design a concrete road slab economically we 
must assume tliat it Is supported to a certain extent by the subgrade or 
base By experience wc know that the character and condition of the 
subgrade affects the behaviour of any type of road surface, and thus it 
can bo seen that a knowledge of the properties of tho materials which 
comprise the subgrado is of vital importance A great deal of research 
has been earned out recently on subgrade materiah, and engineers can 
now make a more intelligent estimate of tho foundation conditions for 
the concrete road slab wluch they propose to construct. 

. 4. One of the most important characteristics of all subgrade materials 
IS the tendency to change in volume under a change in moisture condi- 
tion. Certain clays ninv change as much as 50 per cent or more. Sandy 
soils change least of all Moisture conditions under a concrete road slab 
are not uniform, the moisture content near the edge is usually different 
from that in the centre. It can thus bo seen that with a soil whose 
volume change is large there will be uneven support and probably no 
support at all under the edges of the slab. It is desirable therefore to 
have as a subgrado a material whose volume change is small. 

6. If subgradc materials can be kept relatively dry little trouble will 
be experienced j those soils which are difficult to drain represent one of 
the main problems of the Road Engineer. It is the moisture in the soil 
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immediately under the concrete slab which concerns us most, and this 
moisture may enter the subgrade in many ways such as: — 

1. Surface water which is not properly cared for and slips in 

through the cracks and joints of the concrete slab and around 
the edges. 

2. Capillary action of the material itself which is continually draw- 

ing in moisture from the surrounding soil. 

3. Porous strata often exist which periodically become water bearing 

and carry water into the subgrade, and if no exit is provided 
it collects and a bad subgrade condition results. 

With a subgrade which decreases in stability as the moisture increases 
precautions must be taken to keep the moisture content low or if possible 
to change the character of the material. 

C The experience gained in increasing the stability of earth roads 
over the same location will generally bo useful in maintaining the stabi- 
lity of the subgrade There is therefore much to be said in favour of 
gradually building up a highuay system from the simple earth road, as 
this type when improved and stabilised will provide an excellent subgrade 
when traffic demands are such that a more permanent typo of road 
surface is required The most common methods of improving a bad 
subgrade are: — 


1 Placing a layer of granular materials immediately under the 

concrete slab. 

2 Jlixmg other matorials with the subgrade soil. 

3. Increasing the depth of the side ditches 

4. Placing drains along the sides of the concrete slab and parallri 

to it. 

5 Proper drainage of all jiorous strata which inav become a water 
bearing. 


7. A layer of granular mnterml immediately under the slab is usually 
•quite econornical and easy to apply. This porous layer must however be 
provu cd witli prujicr drainage otherwise it will simply collect moisture 
and the bad condition will merely be aggravated. The'^materials that are 
muaUy mixed with unstable subgrades are sand, gravel, crushed stone. 
s!ae. 9J’ emders— the mm being to alter the churacteristic.s of the siibgradc 
inatcrial so that it will have a low volume change and improved support- 
ing power. ^ ‘ 


8. llif.e mnti-rinl. i,m_v |,e boti\con ll'» 

Ti' '■""""‘•■i into llip si.bRiodt. to form n srpornlo 
trii t filer. J-m;; tli-. ilnplh of tlio siilo .litcho! iiill fneililoto flio arliiii»5« 
or lli..^ ^urb.eo run alt espreinllr during tho wet Mootlicr. Drain? nions 
' " “L, '■ si'll' "ill provonl Burfaco iintor from onloring Hu’ 


w.,.,,".....*.. n-i.. 11 — ••••» i.n.LiiL ouriucc wjuer irom enicruio 

^ .r ° dom of A had siibgrade niav nossiblv be met by 


0 rhp cint* Ihinc to rn^tmuMlr in mind !• thnt tho mi’crndp 

should fujj'ort lb'' 'Itb I’NlVOltMUY. So matter bow Tjrlding tbo foil, if 
it fupjortp tlic klali m.nlj, \i ndl n'>t cauM' omcbing. if tv very hard foil 
is left in ridpoR of comp^rlM rnrllv »‘'j'’vrato<l l»y mivt''rial, crnckf 

sre inevitable. Cenerrt'' m''d« tmvrmng nwamp*. for example, have 
S'Jmri'ed crenvane by the absence of emoLinc, white fimitar pavements 
iuilf over oH* compacted, maeadam or pravel liave t-een diRllptjred by n 
network of cracks The explanation i« fimple. Tlve soft, swampy soil 
supports the slab much ns water supports n boat nnd there is no cxcc«- 
sive bending; the bard riders of macadam. inter*.}>erRed by softer material, 
used to 611 in dcprre«.inns support the slal> like the knife edges of n testing. 
Jnachine. Heavy loads cause excess»»p bonding and the slab ultimately 
cracks over tbc ’ridge. Usually tlic crown of an old macadam or gravel 
road is greater than is required (or concrete, it is therefore scraped o6 
and used to widen the subgradc, leaving a solid ndpe of old metal on tlio 
<iuarter points, n loosrned center section and edges made of the DOwly 
rolled material which was scraped from tho center joint. 

10. The remedy is to loosen the old material until the full width of 
the subgrade, is UNlFOltMUY SOFT, then roll it until it is uniformly hard. 
The principal value of the roller is to smooth out lumps, discover soft 
places, and consolidate emhunkments as they are being built up. A light 
roller will do this ns welt as a lieaw one, most engineers prefer one 
Weighing 6 ton? or less. A heavy roller compresses some types of soil 
too much, so that they swell while the concrete is hnrdening, causing 
bracking. 


A coniiderfltion of tlic concrete m tlic slot 

11 Before a concrete road slab can be economically designed it ig 
necessary to have as full a knowledge as possible of the properties and 
■characteristics ot this structural material In the case of steel we have 
had this full knowledge for niany years, but it is only recently that 
concrete design has been brought into line with steel 

12 Let US follow the behavioui of .i Poitland Ceiuuiit Concrete road 
slab from the time it iR placed on the subgrade until after the ro.sd 
■opened and operated under traffic Almost as soon as the concrete is 
placed it begins to harden or set It has little strength yet, even at 
this stage it is subject to certain stresses. The surface begins to dry 
and this is assisted by wind ot hot dry weather This loss of moisture 
produces shrinkage and the concrete has so far insufficient strength to 
Tesist this. Hair cracks wiU quickly appear, and to counter.ict this the 
surface of the concrete must be kept moist from the earliest possible 
moment and kept m this condition until such time as the material has 
attained sufficient strengtii to resist these stresses The sub<^ad6 
may also be the cause of a certain' amount of loss of moisture from the 
■underside of the slab. This also has the effect of causing shrinkage m 
the concrete and incidentally may cause a considerable change in the 
volume of the soil with a resultant strain in the slab To counteract 
this tarred paper over th'* “upgrade has been used with considerable 
■success and is now common practice in Bngland. 

13. It is important therefore to have the subgrade thoroughly moist 
when the concrete is laid so that there will bo no tendency to draw the 
moisture from the concrete. When shnnkogc of tho concrete occurs 
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the slab as a whole tends to move on the subgrade This movement is 
resisted by friction between the slab and the subgrade and if this js 
allowed to develop it will soon exceed the tensile strength of the green 
concrete. Again we see the importance of keeping the concrete moist 
during the early period of its existence. If the concrete slab has been 
divided by expansion joints at suflSeientl/ frequent intervals this con- 
traction is taken care of. If not, the small tensile strength of the- 
concrete will be exceeded and transverse cracks will be formed to relieve 
this tension. The greater the tensile strength which the concrete has- 
ottained at this stage the less the liability of the concrete to crack. 

14. Another phenomenon which takes place in a concrete slab is that 
of warping. This is due to the difference in temperature between the 
upper and lower surfaces During the heat of the day the centre domes 
up and at night the sides curl up This induces bending stresses in the 
slab due to its own weight Any curing methods therefore, that will 
reduce the difference in temperature between the top and bottom of the 
slab will assist m overcoming the possible weakening of the slab due to- 
ivarping. 

16. The same factors which cause contraction of the concrete also 
cause expansion, but generally the early compressive strength is sufh- 
ciently high to resist it Immediately traffic is allowed on the road, 
heavy wheel loads are introduced. If the concrete has been well loid 
and finished, these loads will move smoothly, but if the necessary care 
has not been taken severe impact will accompany the movement 

The design of concrete road slab. 


16. Width . — It is customary to allow a 10-foot width for each lane 
of anticipated traffic. The slab therefore should be in multiples of ten. 

17. Thicl.ness . — Teats and actual experience have shown that fhe^ 
edge of a pavement should be thicker or stronger than the central portion. 
This can be best illustrated by imagining a truck wheel; in the centre it 
is supported by a full circle of concrete, on the edge by a half circle 
and at a corner by only a quarter of a circle. It seems obvious that if 
a half or quarter of a circle of concrete is to support a load it must be 
thicker or stronger tlian the full circle which carries the same load. 
Both mathematical analysis and tests show that the maximum fibre 
stress is developed when the load is on the edge of the slab, instead of 
at 0 corner but a comer formula, checks so well with actual results 
that it has come into general use. Tins formula advocated by th® 
Permanent International Association of Bond Congresses and is: — 


D (the edge thickness) :=• 


Where \y = tho wheel load in pounds, S=the maximum allowable 
fibre stress in pounds per sq. inch , usually taken as J the modulus of 
rupture, or = the allowable tensile stress of the concrete at the top of 
the 8lnb = 200 to BOO Ibs./sq. in. 

18. Tests indicate that uniform strength is obtained in tbo slab when 
the thickness of the central portion i^ approximately seven-tenths of the 
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19 Knti<7iic — Te«ts ciirned out to determine how preat n load con- 
crete would carr^ before repeated applications would cause failures 
indicate that loads over Sn per cent, of the single load which would 
cause failure uould breah concrete if they wore repeated sc\eral thousand 
times This possibility of fatigue therefore mahes it necessarv to reduce 
the allowable fibre strops to one half that which will cause failure if 
applied only once Provision for usual impact requires about tho same 
reduction in the wothmg fibre stress Since however impact and 
fatigue do not often o^ierate concurrently anil the road slab increases in 
strength with ape before the mmiy npidications of loads required to 
produce fatigue could he ap}>hcd, a factor of safety of two is considered 
sufficient to cover both possibiiilies, and tho fibre stress is taken ns half 
the expected ultimate moihihis of rupture 

20. Transverse Slreiifjfli. — Tho t^ans^crse strength of granular brittle 
materials liltc mortars and concretes is best exprcss,cd by tho modulus ot 
Hupturo. The modwhis of rupture is the apparent stress in the extreme 
fibre of a transverse teat specimen under the load which producoa rupture. 
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For specimens of rectangular section of breadth b and height h, loaded 
centrally on a span 1, the breaking load being W, the modulus of rupture 
js computed by the formula— , 

Modulus of rupture = 

21. The extreme fibre stress thus computed is not the actual fibre 
stress because the formula involves the inaccurate assumption that the 
material deforms elastically for all stresses up to rupture. The compara- 
tive relations between results are not affected by this inaccuracy of the 
formula, however, when the tests compared are made upon specimens of 
similar material, because the computed values of the modulus of rupture 
are very nearly proportional to the actual stresses. Since the extreme 
fibre stresses on the tension side and on the compression side of a beam 
of homogenous material are equal, and the tensile strength of mortar or 
concrete is only a small fraction of the compressive strength, the trans- 
verse strength of mortar or concrete is almost wholly dependent upon the 
tensile strength. The modulus of rupture found in transverse tests will 
invariably’ be considerably in excess of the tensile strength, however, 
because the computed stress in the extreme fibre considerably exceeds the 
actual stress 

21A. Joints . — Concrete like most other maferials expands and contracts 
with changes m moisture content and temperature. The gperally 
accepted co-efficient for change in dimension because of change in tem- 
perature IS 0 OOOOOj.!) foot per foot of length, per degree F. The highest 
temperature expected m a concrete pavement is appronmctely 185*F'r 
the lowest at which it can be laid is 35*F., making a possible maximum 
temperature difference of 100*F. The change m length from the absolute- 
ly dry to the saturated condition is about 0 0005 foot per foot of length. 
If 0 dry slab 100 feet long at a temperature of 35*F., were saturated and 
raised to 185*F., it would become about one inch longer. As pavement 
arc saturated when built and are usually laid when tfie temperature is 
above 50*P., expansion should not exceed one inch pei hundred feet. 

22. Unless some provision h made for this expansion the forces 
developed may be great enough to raise or even shatter the concrete. That 
is prevented by installing jomts which divide the pavement into separate 
slabs with a space between for expansion As concrete cools or dries it 
contracts an amount iippro^.imntely equal to that given for expansion. 
A contracting slab must slide itself over the subgrade. Tho forces of 
<-ontraction, opposed by tho friction between the bottom of the slab and 
iliu subgrade, set up tensile stresses in the concrete. '\Vlien these tensile 
vtri'sves exceed the strength of the concrete, transverse cracks will form. 
Such cracking is preivnted by the installation of transverse joints of either 
the cvj).inbion or contraction type. 

23. Ihc ideal interval between transverse joints is the maximum at 
which no intornicdiiitc cracks will form This depends upon tlio strength 

the concrete, the weight of the slab, the sliding friction between slab 
and ‘•ubgrade and, to some extent upon the amount of reinforcement if 
(Ills. As there is n possible expansion of about one inch per hundred 
hui-al feet of slab, provision for this amount should lie allowed. Expan- 

joints arc filled with some coinpresaiblo material iilastic enough to 
!,<• ptidied from the joint under pressure but sufficiontlv stiff to resist 
iiieltuig ou the liottest days. Experience indicates that *n joint inter'»I 
.,f .UJ to du feet 13 sound practice for Indian conditions. 
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lonf;, fastened to a plank for stiffness and provided with plow handles;, 
or it may be a sharp-edged wheel which is run along a straight edge. 

37. Finisliin^. — So far as public approval goes, a smooth-riding finish 
is the most important feature of a pavement. The average motorist 
knows nothing of the hours spent in testing materials, in design, or in. 
securing the proper quality or quantity of slab; all he is interested is; 
“How smooth is it?” Finish also effects the life of a pavement, since a 
rough surface materially increases impact. A concrete pavement should 
not vary more than J meh from a 10-foot straightedge laid parallel to the 
centre line. 

38. The finishing machine as used in America is usually followed by &• 
float from 12 to IG or even 20 feet long, operated with its long axis 
parallel to the centre line of the pavement. It is made of plank aliout 3 
inches thick and 10 inches wide, stiffened by a plank set on edge, along 
the top and provided vith handles at each end. This longitudinal float, 
as^ it is called, is liandled by two men, one at each end, who stand on 
bridges spanning the pavement It is laid on the pavement at one edge 
and pulled towards the other edge with a wiping motion, levelling tians* 
vers-o ridges and other high spots and filling depressions. 

89. The longitudinal float is an efficient tool for getting a smooth- 
riding surface because it operates at right* angles to the screeds or belts. 
If the latter tools leave ridges, they arc at right angles to the wheels or 
vehicles and so give those vehicles the maximum of bump. The longitu- 
dinal float eliminates those ridges, and any ridges it leaves are parallel to 
the wheel tracks and do not produce bumps. Following the longitudinal 
floating excess mortar and laitance are scraped from the surface with » 
straightedge mounted on a long handle. That is done to remove the 
thin layer of mortar that sometimes covers the more dense concrete, 
bec.nise it is that layer which is likely to scale off. Scraping also removes- 
the small corrugations not detected by the straightedge and produces fr 
smootlier-nding pavement In India this is usually done by drawing a- 
gunny bag transversely across the slab 


40. The next operation is testing tho surface by means of a straight. 
A straiglitcdge about 10 feet long mounted on a long handle is held so 
that it barely touches the concrete. This is done at intervals of 3 or 4 feet 
lr,i"SviT.oi.y MitU thj slrmsl>tra(;o paralld to tho centra line. Successive 
slro,8l.tctlg,ng should overlap by } the length of tho Btraightedgo. Any 
lugh spots .hscoycred are removed and low spots filled. Disturbed places 
are smoothed w, 1, a loug-hondlcd float and the surface is again straight- 
eilged to Rot* that it is now' uniformlv even. 


n. operation is belting, which should be done after 

InTr;^ n i '"'* .‘^'"“I’Pcared from the concrete. A belt of rubber. 

• itl ? 41 ‘ n-ido and 2 feet longer than the 

/nriiVVV-i'r pavement transversely and dragged 

n ,1 ' 'notion 11 k* object of bolting is tlio^evcn distribu- 

\\Z n production of granular, grittv surface 

. f ^rip ''niily. A fnml j,nisli i, <;oinetiiric'S given by dragging 

evrn ‘er!ftV'«nr?’ °''or the surface. That gives a very 

;ni »«» biRhly recoini, , ended. Sometimes the surface 

wltli n ^ ^* 4*1 *^^^**^ *•’ hroouiing. An ordinary street broom. 


1 •jr»»fil»5<7 njrt/lli'T.t 


1. Scro<-il nini 

2 I^iicit'nini >1 «r 

3. Scr.’H'" 

A. Strnjpliir<lj:i‘ 

Correct 

Float <list\irb'’d plnpr* 

5 I3olt 

Hand rini$hiti,} — 

1 Scrood 

• 2. Tflnip 

8 Lonptiulinal tioat or hand float or holting. 

4 Scrape. 

5 Straightedge 
Correct «urfaca 

Float disturbed places. 

6 Belt 

Too much tamping or any over*finishing which brings much mortar to 
the surface, seems to be responsible for most of the surface scaling, and 
should be guarded against. 

44. The above flnishing operations are those in vogue in other countries 
In India however the number of operations is reduced and consists usually 
of. I 

1. Tamping which includes a certain amount of screeding 

2. Floating with a short wooden hand float. 

3. Drawing a gunny bag lightly across the surface to remove the 

superfluous moisture. 

45 High joints are a frequent source of annoyance. Every exposed 
joint should be finished with a float, split in the middle to form a space 
for the joint filler so that the concrete on both sides of the joint can bo 
finished simultaneously. Then it should bo carefully checked with a. 
Btraiglitedf’e notched in the centre to form a space for protruding joint 
filler^ Alf ed^es of the slab, including botli longitudinal and tranaverao 
joints, should ‘he rounded with an edger having a radius of 3 inch. 

46 Sometimes the slab is also stmightedged the morning after it is 
laid and any high spots disco%cred orb reduced by rubbing with a carbor- 
undum stone. lUibbed spots do not look well but rubbing docs not damage 
the slab Its chief value is ns a penally to make contractors careful to 
get the 'surface right before the conerefa liantens. 



47 CuTina.—OuriTi^ is the treatment or protection given concrete du 
ing the hardening period. Pavements are either air-cured, water-cart 
cured with calcium chloride or a surface coating of some waterproo 
Tnaterial wliich prevents evaporation. When concrete is mixed it contami 
sufhcient water to hydrate the cement As soon as it leaves the mixer 
begins to lose rnoisture by evaporation and absorption. In hot, dry,*, 
wind^ weather the comparatively thin slabs used in paving dry out very 
rapidly. This drying has two effects: (1), There is left insufScient mois- 
ture to complete the hydration of the cement and (2), the concrete shrinhs 
as it dries and tensile stresses are set up while the concrete ia too weah to 
withstand them. The result is a concrete whose strength is only 70 or 
€0 per cent, of what it would be if it bad been kept wet, and a slab 
wliich is excessively hair cracked When to this drying is added the action 
of a summer sun, there is produced a chalky, weak, porous surface layer 
whose resistance to wear is low. 

43. Whatever method of curing is provided, except bituminous coating, 
a layer of canvas or gunny bags should be put on the slab as soon as it 
can bo done without marring tbe concrete. This should be kept wet by 
frequent sprinkling for several hours, until it can be replaced by the 
approved curing agent It is especially important to keep the pavement 
wet the first few clays and tbe first few- hours are most important of all. 
Strength lost by lack of moisture during the fiist few’ hours and days 
vannot bo regained by subsequent curing 

40. Water curing is the surest and safest. The pavement is kept wet 
■during the early hardening period cither by a blanket of earth, hay, straw, 
by ponds of water held on the surface by small earth bunds, or by 
continuous sprinlding. Two inches of earth or 0 inches of hay or straw are 
usually specified. These must be sprmkled frequently so that they keep 
the slab damp at all times Hay and straw hold moisture longer than 
earth. Sand is also satisfactory. Sprinklmg is often more convenient 
than a wet covering for city streets. Intermittent sprinkling by hand -a 
not advisable because the pavement is Wien dry most of the time and |s 
cooled too suddenly when* sprinkling starts, but a system of automatic 
sjirinkJers H’hich keep the concrete wet continuously is satisfactory. A 
hut pavoiiieiit should not be cooled suddenly by* the application of a 
considerable quantity of cold water, for the resulting rapid contraction 
may cause cracking. 

50 Scieral patented processes have recently been introduced utilizing a 
thin coating of linseed oil or fluxed or emulsified asphalt to prevent 
c^aporati^^ from the surface of a concrete pavement. These are applied 
witli a paint spray immediately after the final finishing operation. Com- 
pute tests nre advisable before they can be given unqualified approval. 
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cured with caleiuni chloride or a surince coating ot some wateip. 
material which prevents evaporation. When concrete is mixed it conti 

sufficient water to hydrate the cement. As soon as it leaves the naixe 

bomns to lose moisture by evaporation and absorption. In hot, at 
windy weather the comparatively thin slabs used m paving dry out ve_^ 
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ture to complete the° hydration of the cement and (2), the concrete shrink ^ 
; it dries and tensile stresses are set up while the concrete is too weak tr^ 


withstand them. The lesult is a concrete whose strength is only 
€0 per cent, of what it would be if it had been kept wet, and a slab 


which is excessively hair cracked WTien to this drying is added the action 
of a summer sun, there is produced a chalky, weak, porous surface layer / 
^hose resistance to wear is low. 


48 Whatever method of curing is provided, except bituminous coating, 
■a layer of canvas or gunnv bags should be put on the slab as soon bs it 
can be done ^Mthout inamng the concrete. This should be kept 
frequent sprinkling for several hours, until it can be replaced by the 
approved curing agent It is especially important to keep the pavement 
wet the first few days and the first few hours aie most important of all. 
Strength lost by lack of moisture during the first few hours and days 
oannot be regained by subsequent curing. 

49 Water curing is the surest and safest. The pavement is kept M*et 
during the early hardening period either by a blanket of earth, hayi straw, 
by ponds of ’aater held on the surface by small earth bunds, or by 
continuous sprinkling Tuo inches of earth or C inches of hay or straw are 
usually specified These must be sprinkled frequently so that they keep 
the slab damp at all times Hay and straw hold moisture longer than 
earth. Sand is also satisfactory Sprinkling is often more convenient 
than a wet covering for city streets. Intermittent sprinkling by hand ja 
not advisable because the pavement is tiien dry most of the timo and is 
cooled too suddenly when sprinkling starts, but a system of nutomahe 
sprinklers which keep the concrete wet continuouslv is satisfactory. " 
hot pavement sliould not be cooled suddenly bv the application of a 
considerable quantity of cold water, for the resulting rapid contraction 
rntiy cause cracking. 
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utilizing a 
3 prevent 
re applied 


"Mitiu t iriH r »il' .«• *tl tl««* •If'ipn ot c..»crcic lujuis umu 

jiraMil III jiricnr<' t‘i lillton-uH r<»r instance. H3 n result 
of cxt'n>^n« ii %\ns »i c* min<*nJctl that the cflgcs of road 

kKiIis »li(>ulil li<- U inc!.‘ V or n mche& (hiol.er tlnii tlic remainder, 
"itli coiisi ijiioni romi'ln ations in tlic excavation and shaping 
of llic lorin itii.n. 

"It w IIS cl.niii. .1 til »1 111. till. Lsne.l . .1^. s w.iiild present corner breaks 
in .-tn] cnstniction. but the Miiij.l.r pruci'dure of using nddi- 
tiunul reinforc.'incnt in the lop of the slab at corners and a 
tongue anil-gro\e lungituilm.ii joint has proteil to bo iinro 
etlietiv. iinil U 's c«''-li.' When ro.ids arc laid with longitu* 
diiml mui tr.iiissei'e j.onts, it is found that cormr breaks are 
iiiiiimiiviil liN inviituig toj) r. inforeeuieut foi a width of 3 feet 
fiom tin. edges if t)»e juuhIs mid o%i.rliippmg this rcinforco- 
iiieiit lit the tuiiieis m) that lli. weight of steel is doubled in 
.111 area tin..i''Uring 3 ft l>\ 3 ft at each comer A further 
pieeautioii against t.i>rnei cracks is to ensure that the concrete 
i« thiii’jugliK rauiiuid at the corncis of the slabs, where 
n()iiiiall\ tins opt, ration might not be so enrefully carried out ” 
Tile uhn^e ujunioji is. [ tiiiiik, pun l\ a tpiesfion of economy. In India. 

1 ^ usvialh cheaiicr to thiekeii tlie edges than to insert reinforcement, but 
ca'ses where it is desired not to disturb the cMsting base, roinforeerdent 
, the sides would be the oIimous design Tli.it is a question which might 
> discussed I tliink 

Another point is this Many engineers not conversant with concrete 
isds raise the objection that in the event of any irregular wear talang 
inee such as shallow ruts, etc , it would be exceedingly difficult to make 
le necessary repairs to bring the sttrlaco to its original level. If is quite 
:.ssiblc that such wear might occur where heavy steel tyred traffic is 
jmpelled to track on narrow strips of concrete such as haunches, etc. To 
aabte these shallow ruts to ho repaired easily, the foUownng procedure has 
“on adopted in England — 

The concrete is deposited to about lA* below the finished level and 
len cotton fabric or loosely woven jute is laid on this suiface. The 
alance of the slab is then laid and finished in the usual manner. It is 
aimed that the insertion of the cotton fabric does not weaken U-e sfrcn**th 
: the road and facilitates the removal of this thin surface course for nnj 
pairs. It would appear to form a cleavage plane. 

The third point is on the subject of the use of longitudinal shear bars, 
omers formed by transverse joints or cracks are frequently protected in 
raerica by the following expedient A longitudinal bar dia. is inserted’ 
Dout G" from the edge of the slab and parallel to it. It is painted and 
reased and extends from end to end of the slab. It is claimed that these 
tge or shear bars reduce comer stresses 20 per cent. 
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The purpose of painting and greasing these bars is to break the bond 
with the concrete so as to permit free longitudinal movement ci the bar 
in the concrete and to present intact the full section of the bar for shear 
bearing and bending in load transmission. (Applause.) 


ChaiTinan : Whll Mr. Surati kindly mlroduce Paper No. 9^ 

Mr. H. M. Surati, Divisional Engineer, Koads, Hyderabad, then sub- 
mitted Mr. Zcman's Paper, No. 9, for discussion. 
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{Pdjtrr .Yo ) 

Concrrto Hoidu m HyilmInrI (Dfcrati) 

% 

yt. A. Zcm/tn, ('hirf Pvtjittrrr Ihatvatjr fh-finrltiinif, 

(Ihfflfwb’td, lU^ran)- 

1. Hydor.nhad. tho ('npital of tlic Stall' lian an nrrn of 27 H P^inarc miles 
•ad a population of 4 r.O.MU (inrlmlinc tin* (’.iiitojiment^) It lins nil the 

, *0101111108 of moilorn dtic'* •‘in li ns Klortnr anil Tolcphoiie service^, Drainage 
•nd Water SnjijiK Tin- total length of roads is npproximntcly 130 miles 
Oiost of 'n-hicli arc enn'trm-iisl of metal or graxcl. 

2. .ddop/ion i>J rt n>t >ii cnnrrrir rorirf* — With the advent and rapid increase 
of motor trnflic during the last decade, the old metal and gravel roads could 
not be economicallv maintained in an efncieiit «tatc of repair and the dust 
nuisance was becoming unbearable Tlie niitborities, realising the danger to 
public health and the necessity of gooil and diistless surface, deputed their 
Engineers to investigate who after visiting important cities in India, adopted. 
Cement Concrete as one of the best and most economical road surface suitable- 
to the local conditions available in tlie State. 

3. General Details — Between the years 1929 and 1932 the State has. 
constructed over 21 miles of cement concrete roads in the City. The roads 
hare been constructed mbays of 30 feet lengths with transverse joints at CO* 
degrees to the axis of the road. The road widths arc generally 40 feet. The 
central 19 feet belt is constructed of rich cement concrete bavmg a thickness of 
G inches m the centre and 9 inches at the sides with a camber of 1 in 60. The 
Bide berms which are constructed at present of cither lime concrete or macadam, 
sealed with Bituminous Emulsion or of gravel, will be cement concreted later 
on if required. 

4. Sub Grade —In constructing the cement roads as little disturbance as. 
possible was caused to the existing surfaces butwhere it was considered neces- 
sary levels were ad] listed in order to avoid sharp changes of grades. 

5. Method of Construction — Cement concrete was laid in alternate bay* 
giving an interval of 3 to 5 days. After preparing and rolling the sub grade to- 
the required gradient, channel irons 30ft. in length were used for the side forms, 
and wore fixed in position by means of 1 inch square steel pins driven well into 
the sub grade. The transverse forms were of timber 3 inches thick protected 
at top by a 3/8 inch flat iron and theface towards the concrete by I/lGincli 
plate. -Provision for the free movement of the concrete slab was cflected by 
laying over the sub grade 3/4 inch thickness of clean s.'ind. 

Cement concrete was laid in two layers, the bottom being tamped by small 
hand tampers and left rough to be immediately coverctl by the top layer. 
Final consolidation w-.ns effected by me.'vns of Iiea\w iron tampers working ncross 
the side forms and weighing about 25 lbs. {wr foot length, and with a 6 mclie.s 
wide bottom plate. The surface was finished by means of long wooden 
floats all edges of the slab being curved to 1/2 inches radius. 

* G. Proportions . — Different proportions were tried for the bottom and top 
courses. The proportions of cement, sand and metal finally adopted from tbo 
point of economy and efficiency were 1 to 21 to 5 for the bottom and 1 to 1 J to 
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for tlac top course. Ctar Jlinar brand cement which is manufactured in the 
'"State has been used throughout. Well graded clean river sand passing a sieve 
•of 6-i meshes to one square inch and hand broken granite metal graded from 2^ 
inches size to 1 \ inches for the bottom layer were u«ed and for the top layer an 
addition of 1 inch to 1\ inches size of granite was made in the proportion of 1 
to 2. 

7. Joints . — Xo expansion joints were made but only constructional joints 
painted with bitumen were left. The rounded edges of the joints were further 
protected bv a thin laver of bitumen sprinkled with sand before opening the 
road to trafhe. 

8. Reinforcement . — No reinforcement was used except over recently filled 
trenches and around drainage and water supply manholes or similar substruc- 
tures. No reinforcement was deemed to be neces<5ary as the sub grade consist- 
ing of the old gravel roads which had seen years of traffic, was found to provide 
good foundation Moreover, the traffic consisting mostlv of motors and motor 
buses, horse drawn vehicles with iron or rubber tyres and 1 to H tons two 
wheel bullock carts with iron tyres is light and not heavy. 

9. Lime Concrete Bcrm ^. — With a view to further economise, the side berms 
as mentioned .above, are constructed of C inches thick bme cement concrete 
in the proportion of 1 part of lime, 1 part of cement, o parts of sand and Sparta 
of stone and finished in the same way as the central belt. The concrete was 
<overcd with old cement bags kept wet for Z davs and a liquid preparation of 
alum ( 18 ounces to 1 gallon) was sprayed daily on the surface. On the fourth 
day the whole surface was covered with 2 mebes to 3 inches of sand and kept 
thoroughly wet at least for 7 days in ca«e of cement concrete and 21 days for 
lime concrete. The ultimate crushing strength of this lime concrete in a 0 
inches culie h 25, 30. 32 and 33 tons, at the ages of 7, 14. 21 and 2S days respec- 
tively. The lime is machine ground and is slichtly hydraulic. The co'^t of 
lime concrete is Rs 2-12*0 per sq vard as against Rs. 4-4-0 per sq. vard of tho 
central belt and its strength .and life is found to be much more than that of 
either cement nmeadam or bitumen p.nmted macadam 

10. Siitiirqiirjit Improvnnait. — In the more recent construction of cement 
concrete road-, certain alterations in the design and execution have been mado 
following the experience g.iincd in the e.irher conatruction. The CO degree 
•transvcp-f’ joints have been given up and nght angle jomts which facibtato 
better t.'iinjiirig and provide grc.ater strength at tlie corners of the slab? have 
been adopted So far no difference Las been observed in the riding qualities of 
the road uliicb the CO degree joint was .supposed to improve and eliminate shocks 
over the joints due to .any dilTerence of levels caused bv either unequal settle- 
ment or exp in«io!i In f.ict the right angle joint .'seems to give more comfort- 
able travel over joints. 8i^t:ondly, the ditrwulties experienced in laying a ful* 

• central b'*lt of 19 fe^-t wl<lth at one oper-ition and the tendeiicv to cause variable 
camlicrs tlirougli thr* sagging of a long Iic.nvy tamper have resulto<l in the adop- 
tion of 10 fiH't uid'' strip> with a central constructional joint, which also «orvc3 
the ptirpos'' of a guide to the traffic. 

11. So far there has been no slippcrines.? observed on the'S 
roads whicli may !)<» nttribnteil firstly to the grading of tho aggregate and the 
difliruUy aviib xxhich the granite will lake up oven smoothne-s under sths 
tr.aflic. Secondly, the s.and consi-ting chiefly of ili'lntegr.ited rock U coarso 



cement and granite stones presenting a good grip and foothold to the traffic ^ 
And a pleasing surface to ride on. 

15. Once cement concrete roads are properly laid, paying particular ' 
attention to the right proportion and quality of metal, sand, cement and water, 
inismg, laying, tamping and curing, it requires very little attention beyond' 
the maintenance of joints which are filled once or twice in a year, depending 
upon the amount and nature of traffic, without causing the least obstruction or 
moonvcnieuce to the traffic or pubUc in general. Maintenance costs vary 
Ig to piRs per square 3 ^rd which is negligible compared to other road 
surfoces. It is estimated that the cement concrete roads in Hyderabad 
mil last from 12 to 15 years and it is too early to say what treatment they 
should receive after this period. But it is believed that a 3 inch thick cement 
■concrete wearing coat can be easily put on or that the old road can serve as a 1 
toundation to an asphalt surface. 

IG. It will not be out of place to consider here a few of the advantages of 
the cement concrete road over the Asphalt Roads in the City of Hyder- 


(1) B itii minimum disturbance or cutting of the old existing well consoli- 
't is possible to lav the cement concrete road as 
'V "l “f O'Bhteen inches to 2 feet required for an Asphalt 

AspSt ground cmpet. 

:Z;:rTt:tT^Z!:r “““ -^'’t.m^e are required as 

linml^!,ef’^n,l!!l.'“l."if.?^'' eoacretc road is a little more fabout 3 to * 

savino^in tho mV' that of an Asplialt road. But there is considerable 
hsnlialt wliioli ot*fli''''^''i^ cement concrete road as compared to 

R IO ill ^ years amounts to Hs. 00.133 and 

-pe^wnt comZ .'’'. ’''’"V fee‘ "•‘‘’e uud one mile long, chatsing 0 

.percent, compound interest on the total outlay, 

■cleaned eemeut concrete road is smooth, dustless, sanitary, e.isily 

W mclZ i Z ‘ef “ '''*■* ‘o *lte ability night. It possesses 

«■ soZ Zl Z rv “'“teaion both doling dry and vet 

mndTcc'iden ' due to t”n’' "'ent and tear of vehicles 

cZ?etc it IS mciV o f .”r; P" “eennnt of lo'v heat absorption of cement 
w-hile on the other hZl P'tlestrians than Asphalt during Summer, 

Summer and less mil ’ ^phalt road oilers greater tractive resistance m 
im r and os, adhesion during wet seasons lliteby causing skids. 

Crete rirnd arc av.aihhl'e'f k".',' ““'"‘als including cement fora cement con 
ported. •’'■■■■'able locally ,i,e State, whereas Asphalt iias to he im- 

a ureVt'sJiZ" ami'‘n,V,,'’''; oooocota roads in Hyderabad have prove! 

tltiTc lic.ivv tnffif' * I** wirface for all cities m general wlictc 

wiVV whirfi'are the .r- for tlie bullook carts with iroa-tyreJ 

troiugeiicr.itioii,pa,t„^,|'3/'' ‘vansport of goods m In'^ 

11.,. siniple rca-oi. P'?';-’'''.'- remain so for geaeration, to come> 

/roru tliem. * ustd for ngnciilture in India is iiivanabh' di-nv. 


wi lac FUD]tvt I n^'tlun;: iniifh to ndrl Mc'^pt in f*rncri\l 

J>nnw 111/. K-'irTirr of rni/l con« 1 n»plion rltinnc tbf Iwt 
wa t op l>r<n nn't t« ilrmntrfjnp ron*nlrrnMp nltontion of tho 

-pjjecrg *n<1 tlip ntnhnnt.f* r«'nrrm<.| «hir to iIip cli'^ncfvl conrljtionB, jvntl 
imjurc joti 'Ml! «ni) tnr «lirn 1 f'»\ fJiAt iJip ppol)Ipm m hot iolvo<! 

ni all its n*pf«riR x<h»tli*T of ronsfniclion or mnintrnnncc. The 

*^i(mce hai not yri trir-hMl thni »tns:o whon ohe csxn ftmlchl nuny any 
’hthout fear of ronlm»lirii''n th.il nnz! atieh apeciric.nlions ehoulfl he 
osed for such and Rurh ronditmtia. one xxotih! tlJ> iti tltidtnj; out the 
SJze of joists nnd ho-iuis m the «!« *.>pn of a floor. 

aufEce to fny that Iho rood (o withstflod the modem contlilionB of 
«^c, and espocKnllj thnt of a lug city, ehould have pmctically unyielding 
ioundations, ilic imtenils nf uluch it is composed should lot move iiniler 
trafiic x\hcn oure it is laid or wear rapidly and unevenly, and of course, it 
sheuld be dust, proof Tliesc cssentmls are more or lees comlincd to a 
Plater ixtont so fur .«s I know, m the cement concrete But the first cost 
^ rather cxctssive. lienee ditlicnU to finance 

To those who are mterest^'d in this material, I would reconiincnd to 
^xpenmont on the following lines to reduce the cost. We in Hyderabad 
have tried to reduce the thickness of cement concrete to 3 inches by provid* 
icR 8 inclios liiiiu concrete as the lower bottom course or foundation. Tim 
lime concrete was imniedintely followed by cement concrete of 1; 2}* 5 
profiortion and both Wire well bonded to act as one solid mass. Around 
all edges and I'unts for a width of 9 cement concrete was wholly provided. 
To make the point more clear I will just give you a rough sketch. 
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cement and granite stones presentii^ a good grip and foothold to the trafPc 
and a pleasing surface to ride on. 

15. Once cement concrete roads are properly laid, paying particular 
attention to the right proportion and quality of metal, sand, cement and water, 
mixing, laying, tamping and curing, it requires very little attention beyond 
the maintenance of joints which ate filled once or twice in a year, depending 
upon the amount and nature of traffic, without causing the least obstruction or 
inconvenience to the traffic or public in general. Maintenance costs vary 
(from IJ to pies per square yard which is negligible compared to other road 
surfaces. It is estimated that the cement concrete roads m Hyderabad 
will last from 12 to 15 years and it is too early to say what treatment they 
should receive after this period. But it is believed that a 3 inch thick cement 
concrete wearing coat can be easily put on or that the old road can serve as a 
foundation to an asphalt surface. 

16. It will not be out of place to consider here a few of the advantages of 
'the cement concrete road over the Asphalt Roads in the City of Hyder- 
•abad : — 


(1) With minimum disturbance or cutting of the old e.xisting well consoli- 
'dated murum or metal surface, it is possible to lay the cement concrete road as 
against the deep cuttings of eighteen inches to 2 feet required for an Asphalt 
■surface on 9 inches to 12 inches soling with 6 inches macadam and 4 inches thick 
Asphalt grouted carpet. 

(2) The cement concrete road can be laid very rapidly with less incoa* 
Teuience to the public at large and less materials and time are required as 
compared to an Asphalt road. 

(3) The initial cost of a cement concrete road is a little more (about 3 to 
Unnas per square yard) than that of an Asphalt road. But there is considerable 
saving in the maintenance cost of cement concrete road as compared to 
Asphalt which at the end of 12 and 24 years amounts to Rs. 60,133 and 
Rs 1,01,333 respectively on a road, 40 feet wide and one mile long, charging 6 
■percent, compound interest on the total outlay. 

(1) A well laid cement concrete road is smooth, dustless, sanitary, e.ssily 
gleaned. Its joints and light colour add to the visibility at night. It possesses 
low tractive resistance, but with excellent adhesion both duiing dry and wet 
reasons, tending to decrease transportation costs, wear and tear of vehicles 
.and accidents due to skidding On account of low heat absorption of cement 
concrete it is more comfortable for pedestrians than Asphalt during 
wliile on the other hand, the Asphalt road oilers greater tractive resistance in 
umraer and less adhesion during wet seasons thereby causing skids. 

(0) Last blit not least, all materials including cement for a cement con 
cre^e road are available locally in the State, whereas Asphalt has to be im* 


1 1 . In conclusion, the cement concrete roads in Hyderabad liave proved 
a great success and appear to be the best surface for all cities in general where 
there is lle.a^y traffic and particularly for the bullock carts with iron-tyred 
ulicels winch are the principal vehicles for the transport of goods in Indifi 
ro 1 g« nera ions past and will probablv remain so for generations to come, foj 
;l ■*' *^Thcm “S^culturo in India is invariably derived 





Mr. U, M, Sural! (on l>cJinU «»f the niitlior) Mr. Clmirmnij nnd Gctjllo. 
Wen. as Mr. tJir niithf>r of ihi« p.'ipcr is unnhlr to attend tins 

C<?ngrcss and to intrcvhice fins p.'\j>cr hini«elf’ I am asked to eonrer hit 
regrets and to introduce tlie l'nirf*r on hif bclmlf. and I hope to be able to 
»Qs\rer anv question or eriftri«m to the host of my abilities. 


On the subject proper, 1 hare nothing much to add except in general 
terms. As we all know, the science of road construction during the last 
dec.-ide or two has been and is demanding considerable attention of the 
engineers and the authorities eoneeme«l due to the changed conditions, nnd 
I am sure you will ngreo with nip uhen I say that the probleni is no* solved 
from nil its aspcct.s whether of cost, construction or maintenance. The 
science has not yet reached that stage when one can straigfit away say 
without fear of contradiction that such nnd such specifications should be 
used for such nnd such conditions, ns one would do in finding out the 
size of joists and hoiims in the design of a floor. 


But sufijcc to say that tho road to withstand the modem conditions of 
^i^c, and especially that of a big city, should hare pmcticilly unyielding 
foundations, the materials of whicli it is composed should lot move under 
trafiic when once it is laid or wear rapidly nnd unevenly, and of course, it 
should be dust proof. These essentials are more or less tomlined to a 
greater extent, so far ns I know, in the cement concrete. But the first cost 
rather excessive, hence difficult to finance. 


To those who are int€rest'’d in this material, I would recommend to 
experiment on the following lines to reduce the cost. We in Hyderabad 
have tried to reduce the thickness of cement concrete to S inches by provid- 
ing 3 inches lime concrete as the lower bottom course or foundation. The 
lime concrete was immediately followed by cement concrete of 1 : 2i : 5 
proportion, and both were well bonded to act as one solid mass. Around 
all edges and joints for a width of 0 cement concrete was wholly provided. 
To make the point more clear. I will just give you a rough sket''h 
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Tbi* t%pe of construction nas adopted for tlie sides of cn important 
thoroughfare 70 feet wide over which the slow-moving heavily loaded,, 
iron-tyred trafne is generally moving. It is now more tliau two jears since 
the ro'ad is under use. and so far the surface is standing up well. This is- 
all I have to saj . (.\pplause ) 

DISCUSSIONS ON PAPERS Nos. 7, 8 AND 0. 

L'/jcjrnmu Ueutictnen, the three Papers are now open for discussion. I 

should be glad n those uiahmg to speak would kindly come forward. 

Mr. H. A. Hi/di On the subject of remforciug of cement concrete 
roads, 1 would like to ask Mr. Turnbull — has the sjstem of N-angle loop- 
foroemeut been tried extensively and is it of very great value? 

.Ur. N. r. Tfociak: ilr. Chairman and Gentlemen, I should like to say 
a few worda uu .Mr lurubull :> pajier In the first place I must congratulate 
the author in presentmg to this Congress the principal features of 
cement com-rete rosids m a concise form in this paper. Cement concrete 
roads in India are of a recent growth and the literature available on^ this 
subject IS verj meagre ii is therefore gratifying to see the author giving 
the benefit of* his expenence m the construction of concrete roads all ovtr 
India. It is really unfortunate that it has not been possible for him to 
treat this subject in greater detail as m that case the paper would have 
been a guide to those engaged m the construction of concrete roads all- 
o^er India. 

The importance of the preparation of subgrade cannot be over-estimated 
m the case of roads subject to hea\\ trafik. On it, depends the Ide of 
tht- carpet or pavement The author has righth stressed the importance of 
moisture content in the matenals compnsing tht subgrade, and the conse- 
quent ch.uice m volume well consolidated waterboimd macadam offers 
an excellent subgrade provided it is properly drained. It is, Jiow**Ter, neces- 
sarj- as a precautionary measure to spread a laver of ^ inch of sand carpet 
.IS .in iiisulat ng laje. r.n which a concrete slab should be laid on a unifonU'- 
sijii,irade -id th.u ^.lr^lng stresses may not be developed in the concrete 
af'-"- It IS laid 

It is ab5olutel\ essential to know the behaviour of concrete while it is 
being laid and after it has begun to act, especiallv on Indian soil where 
th- r.inge of maxinnim and m.mmum temperatures is great and the stres-es 
d'\ eloped m conertte due either to ezepancion or contraction while setting 
or to bending while warping very considerably. 

Itcganling tlie design of a concrete slab for a road, it would be instruc- 
tive to know frem the author whether the slab should be designed for the 
ab'oliite in.iximum lo.ad it may be called upon to carry occ.asionallj. or 
av'^mce tr itYic loid hkeU to pa'ss o\or it It would appear on the face of 
it th.at it <hc>nld bo de«icnerl for the heajiest load likely to p.iss over it. 
hilt th •■•‘ction woubl be Inrcer than neces=arv and the rond pavement 
more cO'tly. For a tin ton roller, for instance, the wheel load would be 
about .T'Ot ton5 nnd with ."iO per cent impact the tot.al wheel load woould 
amount tn ,'01 tons or 13.f>r,S lbs. The thickness of the slab at the edge 
would, accordinc to the formuha adopted b\ the Vlth International Road 
rr.Ticn*5i: and quoted In the author, work out to IH' and that at the centre 
to S-. 

Then the question .-ib^vit the allowance for impact is anotljer controversial 
pjirit in the dfsicn of a concrete road slib. It Is contended that 150 
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be aa improvement on the old vvaterbound macadam roads and which will 
avoid dust. For work of this natuie, some advocate bituminous construc- 
tion the cost varying: from Its, 12 to Ks. 24 per 100 square feet. In the 
sections recommended at the end of paper Xo. 8, the minimum thickness is 
a inches. I think a section of thi** size will cost something like Es. 50 
per 100 squaie feet. This will not meet the situation. I wish the waiter 
of this papei had included some experiments on thinner roads in India. 
With the permission of the Chairman, I would hke to mention that the 
Public Works Department in the United Provinces tried experiments of 
tins nature about the end of 1931. The main objection of the engmeera and 
other othcers concerned was about the financing of these thick concrete 
road®. They were of the opinion tliat concrete roads were verj* good; but 
being very- expensive people could not afford to invest money on them. In 
1032, various lengths ranging from 100 to 200 feet, were laid on an approach 
to Luclcnow City, niis was about thiee miles away from the city. The 
original road was of banker, width 12 feet, and the traffic was about 500 
tons per da\ Various lengths were laid, not only of different thickness, 
but of different strength of concrete used by varying the proportion of 
cemeut Today, more than 2^ years have pns'ed, and the 8-inch slab with 
a mixture of loughJy 5 13 cubic feet to a bag of cement at a cost of 11s. 
2-13-0 is standing well. It has to be «een how long )t stands further. So 
far, the smfnce of that particubr portion, though it is cracked, is perfectly 
oound. 

In paragraph 6 of the paper various methods are suggested for improving 
tht' subgrade We all think that cement concrete roads are very nice, but 
I suppose very few of us are aware how the cement concrete roads break. 
Of course, Mr. Han Chand'and Mr Hunter know about this. There is 
a cement concrete road between Moghal Serai and Benares which is 
about 8 to 10 years old. It has cracked just in a few places, longiludinallyt 
not traQsvcr<oh , more or less for about a mile. It is just possible that 
tins is due to subsoil water passing underneath. At one place, patUcularlv, 
where the rood passes through a shallow tank, and where the bank is mad? 
mere or less of black cotton soil and wwter stands on either side, when 
w-nter IS stored for agricultural purposes, there is a through crack in fwos 
furlonc lengtii, — longitudinally and varying from about ^ inch to about I 
inch width I would be interested to know if the writer of this paper could 
suggest n solution. I am no longer concerned with this; but I w'ould like 
to Imow tins for my own information It shows that we have to be 
cautious The road is 20 feet wide and the crack is in two-furlcng length. 
I\ is not very straight. There ore one or two other places where the drain- 
age I? passing underneath and there ore cracks. The cracks did not appear 
fo’* the first or second year, hut they made their appearance in the third 
vcfir showing strained condition just like w-hen vou take n freslt piece of 
India rubber and try to bend it. I must mention, in respect of all these 
cracks, that the surface is perfect strong and smooth. The mcsl etriWng 
part of these cracks is that fhov arc nil longitudinal, except for two or three 
tr.ansver«o cracks. 

Tn paragraph 10, fhe author li.a*- mentioned about fnfigiic. T would he 
glad il be would recommend some exhaustive work on the design of concrete 
roads, b^'-'anse to mv mind, the nuesfion of fatigue docs not come much 
into practical w-orking at nil. All the designs here arc for America and 
mere the cross.floctions, except for the fop one which is speriollv me- 

for some snrcinl fmCTio nro t^r- nni-e .. in i 
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^\orl: in conjunction nith one another, distributing the loads half from the- 
top and half fiom the bottom. These joints ^\ere tried and proved very 
comiilicated. In the diacrams appearing after page 223, every section 
IS proposed 'vith a tongue and gioove joint. What the fxmction of these? 
I nould request the mite.r to let me know. 

On page 227, some mention is made about the constructional details ot 
these slabs and a summary of finishing operations as appliea in most of 
the other countries At the end of this part-crapb it is said, "Too much 
tumpermg or any over-finishing which brings much mortar to the surface, 
seems to be responsible for most of the surface scaling, and sliould be 
guarded against ’’ In this connection I just n.int to give n word of warning. 
We should aim at keeping the water ratio at the minimum. If we put m 
mcre water, it will work as a lubncant. drawing up the cement to the lop. 

So far as cement concrete is concerned, we should try to minimise the 
cost of construction b\ putting I inch to 2^ inches lime concrete. If 
nu\bodv wants mfi>imation. 1 cun give it 

Mr. H Hughes Mr. Chairman and Gentlemen, although the papers we 
are discussing are on concrete roads m India, vet I should like to refer to the 
concrete motor roads now being constructed m Germany. Sections of the 
Gi'rman national motor road were shown to delegates of the VJItb Inter- 
national Hoad Congress which recently met at Munich, The general design 
contains points of universal interest but I fear that most of the things that 
arc being done there are much too eostlv for amihing that can be attempted 
m this country at prc'scnt The general design is formation width, 80 feet 
On thi« are laid two roadwa\s, each 24 feet 'vide, for one way traffic. The 
road IS intended for motor traffic only, and so there is separation of grade 
at 1*1! crossings with other roads Where a concrete design has been adopt- 
ed, the si i[j is la.d m two courses The bottom course consists of stone 
about inch's and tlie proportion I 3- 5, thickness 7 Inches. The top 
eours' cnn'.ists <if stone about i inch .«ize laid in the proporiion of 1: 3*^ 
and of .1 t!'icknf«s of 4" The mmimimi curvature is mi'es super-ele''ated 
for a sptLfl of UK) miles pi-r liour— they are looking well to the future. The 
jii’f re^tinc po nt in the design the cro's joints. They ar.j provided fil 
varying intervals of 41, 49 and o7 feet. This arrangement is obviously to- 
il vo.d nn\ uniform rythmic corrugation 

Mr 7? G Burf- Jlr. Chairman and Gentlemen, it appears that one of 
th( flnw backs of the cement concrete road is the time for which the road 
must lie entirely closed. I would like to ask the authors ot these papers and 
fNo nn\ other delegate 9resent if they can give us anv information about 
th" ii«f' of ro.ad hardening cement and Its effect on reducing the time thot 
a rouMns to be closed, and also its effects on the life and behaviour of the 
road. This draw. hack of the road having to be closed very often mav rule out 
ili'‘ ii«<* of concrete ro.acls whore the diversion of traffic is undesirable or im* 
[ir.i'-'tie.'ihle. I think that w’e would like to have information on this point of 
llif nep of road hardening cement. Information might bo collected on the 
print iind fiirtlier evperiments might be beneficial. 

f'.fi'Ui /hifiddur Af. Z. .1. Farugi: J vrns carrying on construction with 
or.l,niir\ e.-ini'iit until 1030 and then it was remarked that fh''* type of 
«• n.^tnn-tioii f.tok a \erv long time and that it meant blocking the traffo 
Mr n I’O'id long time as the preparation of the sub-grade took about fifteen 
*f I'l. liii'l 111. 11 lifter fhiit four weelc< were taken for curing it The wlio!^ 
m’<'>u n littif more tmporvision and one ha? to be verv careful 'vith rap'd 



•211 


laMcr. B\ 8\<;{i‘nif\tiein;: \\e <liil munapi to rrituu- 11k titiip njutit ki IIi.- 
pripantion of till- s>ub-pr idc Wp foniiil tli u l>j tin ii'.- itl n i,i, i>| 

111" coJiuMit till- <ni.inlit\ of pciiunt u.in ihIikmI bv ubimt tin |ii i i.nt 
The- stroiigtb of tlio concrete v\as tlti* «.»ine n-» olrntncil b_\ tin- inutnifm inn m 
- an » there "ns i\ ?i\in" of .ibont three wcl*K«i in tin* tune for i-iiruj. (n uH 
it me.mt . 1 *^ ■5'iMti" of n inoiitli mid ns t-> the cost of coiistruetinii llnii nut 
no iitftifjui Tills, t.c , the coiJstruetion with rnjml liiirdi'innp C'liniii 
netds n little more siiporMsioti niid om has to be »4r\ careful with i .|,|i| 
h.iilenin" ciincnt. Those who do not Ijiow Itnlia m«\ hii\ thin the Inli.nii 
in iiiiiia IS worthless Hut Indmii labour cm be \er\ well truiiinl Mui 
one tb ii" to be constfintlv impnsvod on them is thnt ti'e cdriiiol ;;u mi nm/.. 
ii.r? mi for hours. Inside the cities, w'o ciiimot nfford htnclc tlm 

ro.i'is foi nin Iciipth of time and for such phiees I would suir’esl the tise 
of 'apid hardenin': cement which will sa^e n prc-it deal hother tti the 
Engineer m charge. The qiiahtj of the cement concrete road is pcifcctlv 
all right and those who have been on such ro.ads cannot notice nny differ* 
•enee 

-Ifr .4 T'ipnji In Madras cement concrete has not jel been used i‘\ten. 
sivfily for road construction It has been used for the decking of bridges, 
In certain cases we found thnt the cement eoucreto breaks up to sonuf 
considerable extent I should he glad to know if this has been the expori* 
ence elsewhere M’o should like to now whether tins is duo to vibration or 
•some other cause As regards cement concrete roads in cities, it appears 
vto me thnt this is ruled out entirely in such cities as are contemplating 
•drainage and water supply schemes. 

Mr. D. Macjarlanc Mr. Chairman and gentlemen: W'o heard n short 
lime ago with great interest the description of a road in Germany where 
"the «uper*elevation is designed for 100 miles an hour. You prob.ably all 
reiiicinber S r Jogendra Singh's speech* at his lunch parly in Lahore wlicrti 
he pointed out that our princrpal encmv m this country is the Finance 
Dtfuartment Sir Jogendra Singh pointed out that nil our nctivlHos depend' 
«d on the question of finance On this tour I noticed particularly that many 
■of the delcg.stes raised their eyes of horror at the cost of some of the types 
of roads, and said thnt the.v could not simply ntTonl them. Foughly speak' 
inc. a cement road costs something in the region of four times an ordinary 
road and I think that for most of us the only thing that can ever come 
within the range of prnctic.sl politics is the widening of Iho mere Jieavily 
trafficked roads with cement tracks at the side and it was for thnt reason 
that m your tours m Lahore we took you to the Multan road and showed 
voii there our propos.sU for widening that road. In connection with that 
particular work I had a most interesting discussion with Mr. Turnbull and 
with Mr. Mitchell who is going to finance the work to the extent of .*0 per 
■cert and the interesting part of the discussion related to this question of 
■the sub-'wade over which a lot has been ^vritten in these papers When voii 
are reconditioning an existing road, it is one matter hut wlitn you are 
widenin': on existing road, it is nn entirely different matter and’ to mv 
■mind it^is an extremely difficult one. In the case of the Multan Foad. we 
have "ot n fairly high embankment. Our problem is to put this cement 
•trick on the' outside and the question is whether we 
■are fo increase the Ihiek-ncss of the outer edge 

■of the 'concrete or to provide an ndequete sub-grade which vil) be prettv 
high. We have not yet decided how exactly we ore going to selve tliis 
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prot’cm but this is an entirely diffeient problem to the one of putting a 
cem'’nt road on an already existing surface. We liave been discussing just 
now the inconvenience to traffic by the pxitting down of a cement road 
and the discussion vent on to the question of using quid: hardening 
cement. In the case of a trade such as the one to which I non refer, I 
worder whether it would not be possible to put up' pre-cast slabs. On the 
Clif nab bridge which \ou also saw on your tour, we did the decldng entirely 
wi*h pre-enst slabs which were six feet long and three feet wide and there 
is not yer\' much difference between six feet and seven feet. 

(Mr. Macfarlnue then illnstinted his points on the blacbboard ) 

Mr. D Daniel Paper Xo 8 sets foith clearly and succinctly the latest 
practice in the design and construction of concrete roads Though there js 
pri'cticallv notlung to comment on these specifications, \c( T was only 
wondering whv no mention was made about the application oi silicate of 
soda recommended by the Concrete Association and advertised by the firms 
dealing in them. I hope Mr. Turnbull wall give us his opinion on the 
same. 

Also the diagram appearing after page 228 loots to me as though it is 
not quite correct. For example 9* slab for a modulus of rupture of 309 
pounds can cai-ry a wheel load of about 8,000 pounds according to the 
formula given, whereas from the diagram we get a low figure of 8,800 
pounds. I think it requues some explanation. 

Gentlemen, I find that there is an important matter to be gone into by 
a body like this Congress, in connection with the design The Jntenintionsit 
Congress has given a toimulu wliicli bus, also been refeired to bj ^Ir* 
Turnbull where W is the maximum wheel load On refenhig to the dia- 
grams at tile end of lus jiaper it is seen that the thickness is varied aceoid* 
ing to the volume of trafhe. One should hu\e expected the thickuess to 
have been designed on the above principle and the width vaiied according 
to the vohtino of traffic Again in Delhi a slab of 7- 5 7 is laid. In 
Hjderabad, 9 0 0 is hud On the Xasik road, (5 : 4 G is laid. Xone have 
stated foi what load thev have designed their slabs If it is for a 10^ ton 
roller one whoehload is about 11 .'>00 lbs including 80 per cent, impact'and 
the slab will be lOJ • 7f UlJ If the slab >s 9 G 0 it can bear a load cf 
about 8.10(1 lbs nichicling impact of 30 per cent. This means that lorries 
of 34 to 4 tons capacity weighing about 7 3 tons laden can be cariied I)v the 
slab It is therefore n matter for consideration whether the conci-ete slab will 
have to he dosigncd for the occasional heaviest load or for the a^erage 
traffic units As tlic Iiigli initial cost for a hcav\ Kection maj not be j'usti- 
fiable will it not be sufficient to allow such hcav\ occasional loads to be- 
taken care of b\ the factor of safety allowed in the design? If the occa- 
sional hen%y load can be disposed of in t!u«5 way what is the average traffic 
unit for winch wo have to cater for** Tlioco are matters, gentlemen, that 
will have to he decided hj you eooner or later. 

In Paper N'o 0, if ic stated that cement concrete has been laid to a 
breadth of 10 feet m the middle and the «idos were paved wltli a lean mi.x- 
liire of hme eonereti' One would expoet it to be the other wnv since tiie 
slow country earf traffic use., onlv the sides. T slimild like to Te informed 
whcllier coniiitions are different in Hyderabad. In paragraph Jli, the ad- 
vantages of cement concrete road over the nsphnlt roads arc gii'cD. The 
first two reasons eccin to be open to some conl'roversy. An asplialt road 
docs not always require the foundation indicated. 



If tlic nl.I rnut i« nl^iiji *• inrl)f<i i! j<4 rifcir«n<.| ^ith n tfiin 

wit of non' nirtnl nrrl tijo n^j hiJt Iml :ln fiiriiri’e nnflrr ifoin 3, 

therefore, requires enjue nllerntion Al*-* n ronrrele rnotl tnl.f** ncorly 29 
dus for eunns unless it is rai>i'I lnrtl*'nini: c«imnl. nlien-iK Irnflic rnn 
ce fllloucd over ficpli^ll '»tl«r I nr "i <li\e nt tlie iilninst So I 

could not unrlcp;l.'ii]d liow the rnson^ 'i«!diierd Jiere nemn^t jiijilinlt could 
be upheld If ttns nl<o sni«.l tlm -i eminent eonenMi- roifl eoiild he eon- 
sfn’cfcd nt Ices inennvfnicni-i to flit inililic ninl m lose tunc ne roin|i:)ri.(l 
'nth the flsplnlf rmd I thml: it i« jnet flie reter«o 

In Pnper Xo 7, in pnrnp-iph ) it i** stated llint G feet widtL ie ghen 
tor elott traOie and T Isi-t t> itieln - in tin; tnidillc for the fnst tr,iiric. I 
should Jih'e to nhetrio in this eoiinertm^t that the KcncrnlU nccc'jitecl uidtlis 
required for siicli iralfie .ncludinp tiu clearance required according to tiioir 
Spfids are S 'act ami 111 feet riepecti'ely. Anything loss than this is 
ufcelr to prove <lnnpcroiis tn the trnfhc at tunes 

Tiie coin.lusioii m para 1" ot the paper So. 0 seems to he open 
to CQntru\t.rbj ogam It »s not always jiossiblo to find funds for 
concrete ro.ul'. ewrvwlirre A concrete road «»11 he a necessity m short 
lengtlis of main trunk roads uithm town inrits and their outskirts. 
Purtlier short Icugtlis adjoining the towns may haie to be paved with two 
concrete sides "ith an asphalt patenicot m the middle. Even if the 
ongmtil width is 12 feet, it will be advisable *o sigregate the steehtyied 
bullock t irt traffic as above For other important sections surface paint* 
ing may be required chiefly to allay the dust. These are the improvements, 

I im able to Msualise, that will be required for our mam trunk- roads in 
the near future Hence I do not quite agree with the conclusion of this 
pap“r and the eoncUisioii arrived at in para 23 -f paper No 5 (b). Nor 
di J agree with the conclusion .arrivfd at foi heavy bulloct-eart trafTic 
in para 97 of paper No G 

I thank the .luthors of the papers for bating kindly placed nt our 
disposal their valuable e^pericnces in the construction of the^e concrete 
putements 

.Ur S S. Bhagat Mr President and gentlemen, I am not going to 
read all thtse papers and I hope what I have to say will not be very 
boring. I must congratulate Mr Greening for his tery interesting paper 
and it is of gieat interest that this inetliCKl was tiled in Bomuay. I mus^ 
sav that tins method, when it eaijie out. did not appeal to many as they 
th'oucht that it would not be suitable for heavy traffic or medium traffic. 
It seemed the results in Bombay showed that it could nevei he satisfice- 
torv hut that it is ju*!! possible that jt may do lietter in joealities where 
Triffic intcnsit\ is not <0 severe There can of course he no doubt that 
it cannot be expected to compare equally with eem“nt crncrete. In the-e 
papers some doubts were expressed about the ffippermess of the cement 
COUCH te roads I do not know- win these .ipprehcnsions should have 
arisen because in the t'nited Provinces cement roncrete roads have been 
under traffic for the last seven or^ eiRbt years and no coinplnints of 
slirperincss ha^e been rcceiv^ so mr. 1 mu<t congratulate ^Mr. ;'eman 
for his excellent paper and his well-reasoned arguments in f.n-our of the 
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coasti-uction of cement-concrete roads in Hyderabad. We in the U. P. 
have found b\ actual expenence that nothing but cement cotaorete roads 
"u'ould stand xmder heavy traffic. We did not take traffic censuses in 
those days and I cannot give the figures but gentlemen jou udl peihaps 
be interested to learn that in Caivnpore in l•^25 tuo miles o' asphalt 
concrete (preinix) uere laid and after about 18 months' traffic they gave 
"ivav and cement concrete had to be put m It is standing up veil up to 
now. In Allahabad both T R. A and nie\phelt grout verc ined m tuo 
m'les in 1926 and after about nine months* tradio both these miles gave 
vay and cement concrete had to be used to take the traffic and both these 
are still standing veil, so far as I know. Mr. Zeman mentions an alterna- 
tive bav method of construction He savs tint an interval of five days 
vas given It seems that thia interval was rather short, unless rapid- 
hardening cement vas used, as it w'oiild hardlv give time frr the cement 
to set and the real reason for using the alternative bay method would 
be lost. IMr Zeman b.ns not mentioned how they mix the aggregate m 
Hyderabad, as ve found that band-mi'cmg was not so good or economical 
ns the mechanical mixers and the other advantage in using the mechanical 
mixers vas that the vnter ratio could be eonti’olled much better and 
satisfactorilv, vhich probablv is an importam f.ictor The cement con- 
crete experts ^vill probably adinse ns in the matter, Hr, Zeman has 
al«io mentioned that a central joint ‘-hoitld be provided We found that 
such a joint vas not satisfacton* both as regard? construction und when 
the road is actually m use The joint goes on widening due to wheels 
of carts etc., alnavs getting into it and there h always trouble in filling 
It up and keeping it. m cood condition and this joint should be avoided 
ns far ns possible Probablv the cement concrete experts will give us 
their opinion It is also mentioned that cement concrete con be laid very 
rapidly, but that is not verv convincing as tbe sub-grade and the actual 
ioymg of the concrete and curing takes from a month and half to about a 
month and tbree-quarte*^ before the section under operation can be 
opened to tiaffic Of course the time can be considerably reduced, as 
lias been mentioned bv one tnember, if rapid-hardening cement is used. 

T quite agree with the authors about the advantages mentioned in the 
jiapers in using cement concrete but we can not have it for each and 
every road as the initial cost i<c very high: it can only be justified vher- 
a cheaper method of construction will not solve the problem The 
mixture given bv Jfr. Zeman appears to be too rich. I do not know 
hnu they aruved at the proportions stated in the paper. In the United 
Prm-inces we genemllv use one to four and we have found tbe roads most 
'atisfactorv so far. Perhaps the Hvderabad people will find that their 
roads will last longer than ours 

A question was a«ked about the use of rapid-hartb'ning 
cement It was actually tried on crossings and the slabs vcrc" 
oponad to traffic after seven dava only, which shows that n 
lot of time can be saved in nns locelitieg where it Is nccess.arv to use 
if becaueo the cost is not verv great and it is found that the time can 
be reduced eonsidorabU Some Tema*‘k was made abo^it tbe v.se of cernent 
cenerete^ in lornlifies uhero there are difficnlties nbeiit drainage and 
Voter pipes T think in some localities this defect could be solved if the 
pines etc . "(re laid on both sides, so that they are not connected acro's 
fb" road eepeni^lh in pfaocs like 'Delhi vhere f believe, tbev are going to 
do cement eonerefe in Phnndni Chowl* If that is correct, then in other 
jdaces nho tbev eon do so Mr ^rncfarlnno inentioned something about 


■c^'ccrcte is imre otj'.iitxr i, i Iml ficurr* nrr Cnr into it wil! be 
found til'll m the Ion;: nm it k r.'-t •-.> ^er\ c\i>rii,i\e 'Jluro Mns n long 
^tixtch of road in tbo \ niii <1 Tn \iiu. whidi wax la be rc-tonstructed nnd 
'le Morbed out tl.e n 1 utiiiHx fi»un 1 ilint in tc-n jenrs tune 

•S cctncnt concrete road "-ail I pnbibK c*'**! «il>nuf jii-t tlie snine 0 *^ stone 
Jtietd and surfar< pami. 1 md ll it n liftcrn w ir< tune .t Mas I’ossible 
to sn\c ebent ?.< 2.’i'*Ki fr -in the n iintttvin*c cost idonc, rs the cost o£ 
ro^n^ainme cetnent • ai. rit. i- > fv Fi«aU and patUtd snrfuee req\nrfcS 
a considerahlo 'imemt In th*ir r it will be nboiit 3 annas jut sq. 
.•card nnnnallr \V. n<rb.d .a* ‘lint trom savings of maintenance 

the whole lenptli of a ri.id < "'Id be n cemciit-concrctcd in 30 jears 
and still save some mrine.\ 

.Ifajur U I] U hi«hati — Talking nlHiut rapuMiardenmg cement, it 
rca.\ nueifsi \'hi to kn'jw thui nil the bridge^ ,iml ciilvcTt-> nnd the bulk 
of tUe Iiisli ornlgt work winch \ou saw on the Mohiiniond road were i.ll 
done \nth rnpicl-liard^ning eeiu«.nt and were opened to traOdc subject to 
<he road being up to tluu point within fortj-eight hours. As far as I 
-know tluw ha\e not given aii> signs of trouble whatever, (Applause). 

.Vr B F 'layloT I would like if I may to put a conundrum and I 
must apologise for raising yet another question. I should like to ask 
Mr Tmnbull if he can explain what Las happened in Assam, where, as 
in the case of Madras, about which Mr. Vipan has just spoken, our 
experience of cement couerete has so far been connned to bridge rtad- 
srays Last cold weatlier and the cold weather previously we put down 
a ) iige number nnd ou certain of them, to assist cming nnd hardening we 
used sihc.itc of soda I notice Mr Turnbull in his paper adiocates wiitei* 
curing only nnd wo will certainly stick to it in future. I should like to 
tell him what has happened to silicate of soda whcio it has becu applied 
to cement concrete bridge rondwajs. A curious l.•^^stnllinc deposit has 
eppe.ired ou the underside of the concrete. Ifow has it got theie? It 
cannot hate gone through the concrete We can oidy a-«suine that it 
has worked its wav between the concrete nnd the curb plate than along 
the inside of the plates and has appeared through the johits. At present 
It !«, ‘.hownig an unpleasant-looking and a very ominous-looking cristalhne 
deposit Whetlier or not this is causing corrosions ws cannot \ct sav. 

I should be leiy gl.ad if Jlr. TnmbuH can tell whs it i< bo, and whiit 
it IS 


I apofogiVe .ng.am for asking these troublesome questions I should 
like to mention the question of crcte-w.us. To Assam a smaU grant 
was made three years ago from the Kcsc.irch Fund to try crete wa\s on 
an crdinnrj earth road. We h.ave done so and tliev have been a complete 
success. Four nnd a half inches of concrete was laid in trenches dug in the 
road. Th 2 object of our crctc-ways is not os in the Punjab to take'’bulIock 
cuts and to leave the rest of the road for fast traffic but to take all traffic 
wlun the remainder of the road is n morn's. We want, if we can, to get a 
further grant to try this out on roads under different conditions throughout 
the A'sain VallcN and I hope that the technical Bub-committeo which it 
IS proposed to set up to advise on research will allow us to make further 
experiments with these crctc-ways in different forms and under diffirgnt 
conditions (Applause)- 
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Dlitan Bahadur N. N. Ayyangar. — have had a discussion on 
these roads for the last so many days and our pioblem as I told you was 
to find a dual purpose road These venous types aro all very well for 
municipal areas and also }usfe near towns, say within five to ten miles out- 
side the to^-ns and also in special places. Our prohlem generally is of 
rural i-oads and the maintenance amoimt that we get is ver3' Ihtle indeed. 
It varies from Es. 300 per nule to Ks. 500 per mile, uhereas the circums- 
tances in the Punjab and the N. W. F P. have been s.ieh that the 
ordinary’ maintenance cost has been very great, say Es. 1,700 a mile 
per year. 

"With ordinary tar the cost of maintenance has been reduced 
to Es 1,000 and that would be required for tlie periodic repainting of 
the surface with tars or emulsions or bitumen surfacing. But we cannot 
ever hope to get all that money in other provinces and for caiTying out 
these works we will have to do it out of loan funds and again the main- 
tenance also will be very costly Therefore ve are tied down to our old 
macadam roads Up till now we had only the bullock carts and nobody 
complained for the last lOO years about the destruction caused by the 
bullock carts to the roiidc As refeired to yesterday, motor trafBo 
nntuially causes corrugations, which is the characteristic way in which 
ordinary macadam gets worn out under mechanical transport The 
corrugations az’e indeed nothing but a series of snallow' pot holes 
to ha^e a continued use of macadam on cur ordinary rui’al loads, we have to 
strengthen the surface of the macadam roads. 

The other important point is the sub-grade. If both the surface and 
the sub-grade aie reasonably good they would stand motor as w’ell as 
bullock cart traffic. We aie doing the surfacing with tar and bitumen. 
Cement is a local matenal and we want to use it for our macadam roads 
as much u3 possible Its use as slabs is very costly. I suggest that 
cement should be used in places w'here the maximum stram comes 
under motor traffic. What I suggest is that we make an ordinary’ 
macadam road in the usual way, and after we wnrer and roll it 
thoroughly instead of putting blindage, we should use a miNture of say 
one cement and two of sand in and then sweep it into the interstices of 
till.' inncnclam and just get a mosaic eHect in the final result. There 
should be no surface slon. This cement would be able to take the 
aliiasion just ns the tar or bitumen does. This I wish to suggest for 
fuithcT research because the macadam that failed in Bombay was due 
to the s.mdwich method. There unfoitunately cement was put below 
the surface and in the body of the metal whire there was no strain at 
all It lins to bo at the Very surface where the maximum strain due 
to the abrasive action of motor vehicles comes. I wish to suggest that 
a certain length of road may be tried on fhp'<e lines and with Mr- 
Mitchell’s help, I hope to be able to make an c\poriment Yesterday 
there was a proposal for having a research sclieme Tt would take time 
to bring it into existence. I will be prepared to imitv out that cNjini- 
mont and T will report the result befoie the ne.xt Congress. 

.Vr, //. ,1. Ihjdc. — Mr. Vipan asked a question about the cement 
ccncn-tc being used in the crnstruction of bridges and said that the 
cement concrete breaks up to some considerable extent. Ws have 



numoious lindp s in tin Ct.ntr.ii i’rnMiicr«. nnd fririmr!. no 

used for ihcir pnunp nothin" Init ttoiif, «vHliOi«t sti n*- luirtl I Ir.ck 
bascl. I hn-TC roccntlv flhrvmhnipd ‘-•.mm* in ln\«»vi o{ nunnt con. rote 
bec.TtKo I get n much nicer surfnt t* .nid t>nr exp'inn . m mo'.t places 
Is that it IS standing up to the trnthc \pr\ noil nidud 

tfr 1 TV H Dean Mr Clminnan nnd gontlomcn. I Imvo pot 
nothing to contribute to this discussion oxotj.r a ten qii(.-iions ’I’lic 
longitudinal joint in a cement concrete rond lun been ndverccle cnticircd 
by some. I am not. at all clear n«; to uliat ifr Tmilmll — I ihinl: pro- 
baliK lie is the one authority in India — reallj thinks of it But it seems 
to me to hare certain merits from the point of view of ccrstrucMon Tor 
instance you can construct half \our road at a time and ^oll do not in- 
terrupt the trafiic nnd again due to the tliiekenme of the t«o scpaintc 
sections at the edges it seems to be scientific from the point of \ieu of 
carrj’ing tu*o separate lines of traffic. We have been putting donn 
< : o • 7 in one u idth across the road and nl«o in two strips u ith n fcntr’il 
j'oint. The latter has the apparent advantage of giving foui tliickcr 
edges to tako the wheel load of each line of traffic. 

The nest question I would like to ask is what is the hcef tjjie of 
expansion joint, that is to say, nhat Is the host position fer it. Tlio 
most obvious of course is right angles to the direction of tlie rond. luit 
this is distinctlv unpleasant for traffic. You get >onr tvo front and rear 
wheels going off and on to each slab at the snme moment and so get 
very much more of a jolt than you would ulth a diagonal cross joint. 
Oa the other hand that uould tend to introduce very weak triangular 
pieces at the edge. We have tried putting doun joints uhich are 
diagonal across the central strip nnd then ♦urn at right ancles to the 
edge for the last couple of feet I am not smo if that is a good thing 
or not 

The next point is about the hexagonal surface reinforcement. T lend 
a description of it some few sears ago in an Amoiicnn paper and 7 first 
tried it out in a concrete flooring of n squash court. Strips of hoop iion. 
one inch 1^ inches v,idc nnd li inch thiek, hont into a he\agon of 50 
inches diameter were laid just about half an ineb below tlie surfnoe and 
we laid the whole of the court nithout any construction joints nnd in 
three years it has shown no si.gns of cracks other than tlio finest hair 
cracks. I have tried it in a submersible road bridge nbrre wo laid a 
cement concrete floor putting it down m strips of 102 feet. Tlio ib’^L’n 
was a continuous beam of four spans of Jin feet nnd wc made onr auifnoo 
construction joints coincide with the tomtniction joints of the rciufoivcd 
slabs in the bridge and there nUo we found that we got jin cracks at 
all. I recently used it in a rund nnd within ebouf two months I got 
some very unpleasant looking cracks in the middle of the leneth laid 
with hexagonal reinforced eonsfniefion. 1 am not sure whrtlier these 
cracks are due to the sub-soU I want some comment on this point If 
possible. 

The next important point in the use of -oment coiarffc for roads 
is the use of the minimum amount of mix wr.*'r I nnsdf nm rntlwr 
doubtful about this as I have found ca^es wlure I bad rather nnsatis. 
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ifipt-^ry concrete and on investigation I found it was rather honey-combed. 
I am inclined to the opinion and I wont some comment on it b} others — 
that a slight increase of mix uater, although it undoubted!}- leduces 
the fitiength of your concrete if you are getting it mi.\ed to the maximum 
possible extent, actually makes a slightly moie workable mix and m our 
oidinaiT woik "ivcs morf^ sati«sfactory lesults. The loss of stiength m 
honey-combing m very drj’ mixes is more than sufficient oft-set the in- 
<creased strength that the concrete ctberwise obtains With regard to 
the cement, sand, aggregate latio Some people have given l-2-4i others 
1-24-5 and so on I uould be interested to know if any one else has had 
my experience which is that jou ne\pr get the densest mix o£ any sand 
and aggregate if ■'ou proportion them definitely as 1 — 2-;— 1 or 1 — 2i — 5- 
The densest mix is important. I have locallv found here that 1 — 24 — 34 
IS generally a much denser mix than 1 — 2-4 using Delhi stone and 
Eadarpur Sand 

i\Ir ilaefarlane speaks of pie-cast slabs. We have tried pre-cast 
slabs on hndges and the difhculty is the enormous number of joints 
that {lie mvolved m the surface because theie is, a limit to the weight 
•of n pre-cast slab Othermse pre-curing is undoubtedly much more 
effective than curing tn situ The test of a pre-oast slab gives almost in- 
vunabh higher results than the test of concrete cast m situ. But the limit 
■of y eight for a slab is important as involving such a large number of joints 
that tile resulting road surface is really rather uneven. 

I would hke gome further information on lopid hardening cement. 
At the time of initial set, do you ba^e to exeicise any very special care 
in using rapid hardening cement fro.m that point of viewl* 

I uould particularly like to ask the H}deiabad Engineer who has 
been putting donm cement roads how does he make a cut and how 
does he fill it m’ It seems to me that unless \ou are going to lay down 
a uhole senes of tunnel^ for all voui services, cables, water pipes and 
so on, it is almost an impossible situation to have cement concrete roads 
in a city 

Mr. G Hcjd Shciw Mi. Cliairinan and gentlemen, we in A-^fam. 
hud some difiiculty m reducing our floor loads on bridges, and we had 
■a ease a few yeais ago of a very long suspension bridge on which wa 
desired to reduce the floor load.” Now, the weight of concrete on that 
bridge was nearly as much as the steel work. If Mr. Turnbull would gi'® 
us a specification for a light concrete, we nill be able to make an enormous 
saving on our designs of such bridges. In the case of that bridge, vc 
tried a coat of coke breeze concrete, and the engineer vho was in charge 
of it described it in language which I cannot describe to you to-day. 
If the author of this p.aper could give us any assistance on that matter, 
We vill be most grateful. 

.4fr. Tv. G. Mr. Chairman and gentlcn,cn. I think if 

Khan Balmdur Tuniqui who «u£r£:e«tcd that more attention ouglu to 
he dfxotod to thin concrete slabs, and it has been a pr.icticablo pro- 
position particularly when used on old established macadam roads 
T eii])})osc he will ncTcc that with tlio exception of a few roads, wc have )a’d 
lh>'!n on old inacad.atn roads. Wc have, I think, been influenced to a grc.at 



extent in tins matter b% Ann iican practier tn fact. Mr Turnbull has given 
us ^erj- typical exampb f \nn*iii.ni iTflctice tif laMiip c'lncrotc rad- «n 
mother earth hut our r inditu-n- arc m r\ diffcrtit, and I tliink p.^-ibly uc 
arc mclin< <1 l" h,> ntlicr ■■xtraxas: ml Mr Iluphos told us that muv motor 
roads m (m 111 ! in\ u. c.-Mui.’ 1" mKhs a mile Of course >\e lind it difTicuIt 
to beliexc The Olascnw -tdinbiirpli Road. I think, cost Rs f/i.OO) n 
mile ^hich r not vor\ far off from that I ratlicr ftol that if «o take 
old macadam roads ni»l then put n heavy concrete surface at the lop. 
that uould be extravagant, and I think ire should tty* thinner sections 

I would like to ask ilr. Turnbull anothjcr question. He mentioned 
thy alteruatne of laying some fabric below the surface. That has always 
been a ditlicultj with me. Mr. Bhagnt, again, to-dnj quoted figures 
to prove that m the United Provinces their concrete road is no more 
expensive than the various other alternatives, and said that in 15 years 
it showed a definite advantage, hut the difficulty is, whnt do you do vxhon 
the concrete wears out. If you want 'to make an estimate of the economic 
value of the concrete road, how do vou t-istimate the renewal, and w-bat 
thickness of concrete do vou propose to put on, because, after all, sooner 
or later, it must be doiu ’ 

There arc one or two other small points which I would like to mention. 
One ot ttiB oojects ot tlii& Cougiess is to know what is a success and 
whot IS a failure Diwuii Bahadur Ayyangar asked me if I picposed to 
help m financing uu e.xpcnmeut with cement on macadam loads. It 
seems to me that the geiieial e.\peiieuLe is that ’‘cement snuclwich" 
metliod has not ueen u success 1 know of one or two roads m the 
nvighboLirli kkI of Xugpui which weie laid on the Municipality which 
are n suteess, but on the whole ns far as 1 know, cement macadam 
roads havu not been a success. 


Bfiiaii ,\ K .iijtjau-jar W hat 1 suggest is altogether diffeient 

from the -..indw chfcd nutliod Thai is ihe leason why I suggest an 
experiment. Anj-way, if Mr. Turnbull could tell us what percentage 
of cement mai-adam loads h.iH been successful, we shall bo glad. 

I believe some time ago the trackw-ays were laid in Jubbulporo, but 
*hoy were not a success. I think we ought to record vvhether the track- 
vajs and cement mm arlani veit. a'l nil 6Ucees«ful I found un‘-ti.a t-ssful 
ae can eliminate tliese two methods and a good deal of further unnecessary 
experimenting vnll be avoided. 


Chairiuan. Gentlemen, before 8*«king the authois of these very valuable 
papers to reply to the criticisms and questions asked, I should like to 
‘.ax lust one Jr two words. I sliould hate to sit down without sei^inf 
this opportunity of inviting your attention to the tact of our "fairy 
God-mother", to use the Hon'ble Sir Jogendra Smgh’s own words, in 
appointing to the Chair to-day to consider these Papers a representative 
from a province wliich. through its stre«s of financ’nl circumstnnees, has 
been unable to embark upon the construction of any concrete roads. 
If follows that I should be or ought to be brief in my rcmnrkq and not 
d*t ■ vou for long, and also that I should have an unbiased mind in 
e am . In ^Bnnna our official acquaintance with concrete roads 

tins ma ', 3 ll,p stare a'soehted with a “watering at the mouth” 

” .r hp I„ .o (,r (1,. ro„I .„rf«c,. ct 

wlienev r lur- rei^rttiMy I mu.t ns'oclaf. mrp.lf 

"remarks of Mr. Vipr.,! »nj to some dent ttilh tlio.; ct 
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3Ir. Tavlor also . ^^•e have sometimes used cement concrete for fiUmjt tlje 
troughs and providing the fravellmg surfaces but in manj- case^ ve have 
had unsatisfactorv experience. The surface has gone to pieces under the 
destructive effect of steel t\red caits. In fact, in order that ve could 
have some idea as to when it was necessary to renew the surface of 
the concrete road, \\e placed a fairly small mesh wire netting about 1^ 
inches from the surface so that this might be exposed when we were 
comme to the danger line in the slab Tuis is somewhat similar, I thmk. 
to Mr. Turnbull s suggestion of putting down canvas. Peisuiially, I 
attribute the failure of the bridge floors to bad woiknianship or bad 
materials. Very hkeiy it is often due to improper curing. There are two 
or three rather serious objections to the extensive use of cement in Burma. 
The first lies in the fact that cement has a xerv high market value owing 
to the passion which the indigenous population have of using it in the 
construction of pagodas It therefore follows that whenever you u'e 
cement it la essential to maintain an adequat^^ staff to supervise the 
work m order to see that the cement shall go into the work and not into 
the market. 

Another pomt is our dilhculty with sand. I think this is a m.itter 
vluch is sometimes not appreciated by the men actually in chaige of 
coiistiuction work Rtcently ..ne of om officers took many samples of 
Burmese sand to Zngl^tnd in older ih.jt they might be tested under ideal 
conhtions If m^ memon doe^ not fa 1 me, I tlunb the rtsults of man.^ 
cf tluse tests made with the Burmese sand »bowed that the samples were 
fn'p ently tis ninth as 3<t (tr cent weaker than samples made wit.h 
standard sand It theref re folk^ws that it is essential to take the utmost 
c.iie in selecting ttu &an<l when you are considering the construction of large 
or Clin small concrete works 

Xow, I would a>L the authors of ilie^e papers kmdlv to come forward 
and answer the questions winch have been r.alsed 

Mr L C. OinHiH'i I lid/m* yf PatHT .\n t): Mr Chniiman and 
gentlemen, Mr Daniel i.u^ed the j-ouu a<; regards the width of the 
central portion between the tieteicais a^ being 7 feet C inches and 
considered that it «eemed to l*e rather too narrow Actually in the oricmal 
plan the central wvcUh was to be G feet Fortimatelv before the works 
were put in hand it was i1i<=coa ered that r*'ad roller could not woik on n 
width of G feet and so it wa^ iiierea-s;ed to 7 feft G jncliec; which i' fbe 
minimum iwdth required. That is all I l.ave to sa\. Sir (Applau'e.) 

•Vr. Chairi'ton ifr. Turnbull kindly come and aii'swer ihc ques* 

tions that have been put this moming** 

•^fr. IT* .7 TiirijlniU (Author of Poper S): ^Ir Ch.'iirinan and 

gentlemen, it will take me n considerable tune to answer all the questions 
hi detail, and I auegest that witJi ^o^Ir fcrmksiou this might be c.arriod 
on by correspondence Durinsr the time available I propose passing a 
few remarks on the following points The question of the hiph 
concrete roa.l li.a^ been r.aised nnd in this connection T mnv cay tint in 
Bombay We have carried out «ome oxppnnients on thin concrete road 
slab**. T would like to de<cril>»» to von briVflv the methods employed. 

One of the ndmnt.accs of concrete road? lies in the fact tint if 
properly dcsitmnd it does not require a base, and can In laid directlj on 
rlmost any cubernde to lonj ns it has n uniform be.iring. 
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Jlost of the I'oncrolo ronK in India arc li^'d on old uoll coa'oHdatca 
^'•nfprlioiind roatU !ind it Jin«; long been felt tlmt it might he po'.'.ihle to 
utilise this existing walcrbonnd Jiuicndnin bo ns to ninhc use of a thinmr 
concrete slab than is eustoinarx , m ollitr words, to iniiKe a tliiu concrclo 
emst act in conjunction with the old base In order to investigate tins 
problem experiments were earned out in Bombay about a year ago on 
a short length of road carrying o traiTic wciglit of about JCKt tons jier 
yard width 

The existing road had about 9 inches of soling with approximately 
to 3 inches of metal and the following procedure was adopted in the 
construction — 


Prcparaboji of the Base . — The surface of the old water bound macadam 
was wire brushed and thoroughly swept frto of all blmding and loose 
particles so as to leave the metal protruding 

.-U far as possible this brushing and cleaning was doue with the surface 
in a cli\ coudition. An\ deep pot holes or ruts were filled in with 
metal to economise in concrete The sides of the road were ^Innuned to 
sive a depth of 3 inches of concrete, reducing to 2 inches about two feet 
from the edge This is done to strengthen tlic sides 

The forms consisted of one hue of brick on fiat laid with a 1:8 
cement iiu>rtnr The construction of the brick forms was carried on well 
in advance oi the concreting operation and great care was taken to see 
that they were laid to the correct hue and grade on each side of the road. 

The next operation was tliat a 2 inches wire nettmg No. 10 gauge was 
placed on the clean macadam and fixed in position with nails at about 
8 feet centres, so as to be approximately in the centre of the 2 inches 
concrete eurfaemg The wire nettmg was lapped about 4 inches at every 
junction and secured with wire tics A neat cement grout of the con- 
sistency of thick cream was then brushed evenly over the surface of the 
protruding macadam in order to bound the concrete with the existin" 
metal This application of cement grout ic exceedingly important ns it 
ensures the bonding of the crust to the existing metal. This cement 
grout should never be more than two feet in advance of the concrete, 
otherwise it will dry out and be ineffective. 


Jlennwhile the concrete wn? mixed ready for use in the following 
proportions : — 

1 part of cement, 

3 parts giuded sand. 

4 parts broken traps graded from -J inch to } inch, 

5) f-allon* of water per hag of cement. 


■Several trial hatches hnd to be made m order to adjust the ratio 
of the fine to the coarse aggregate in order to produce u readily- workable 
mix The concrete was then deposited to an approximate thickness of 
inches nnd nt no point Y”' •I'i.ota'"^ '«» <h»n Ij inclies TI,. 
seoncrclo sens then bronphi to to required contour by means ot n wooden 
tnmpcr fitted 'oith hnndles- ----- 


Thix was shaped to the cross spcticp of the 
rood »nd“sTronrenon-l. to ^tnin it. shspe nnder working condition.' 
S„rwn, mhseqnentle corned mit m the u.nni wnr. 
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Mr. Tivylor also, ^\e have sometmies used eeineut conciete for filling llie 
houghs and proAiding the tia\ellmg suiiaces but in inany cases 've have 
had ^unsatisfactory expehenee. Th© surface has gone to pieces under the 
destructive effect of steel tyred eiuts. In fact, in order that we could 
have isome idea as to when it was necessary' to renew tlie surface of 
the concrete load, w© placed a fairlj small mesli wire netting about 
inches from the surface so that this might be exposed when we were 
coming to the danger line m the slab Thi*. is somewhat similai, 1 tlimk, 
to Mr. Turnbull’s suggestion of jiutting down canvas Peisonalh, I 
attribute the tailure of the budge iloois to bad uorkmnnsliip or bad 
materials. Very liheK it is often due to iiujiroper cuiiiig. llieie *ue two 
or three rather serious objections to the e\teii'*i\e use of cement m Burma. 
The first lies m the fact that cement has a verv higli maiket value owing 
to the passion which the indigenous iKipulation have of using it in the 
construction of pagodas It therefoie follow*, tliat whenevei jou u«:e 
cement it is es'^ential to maint-nin an .'•dequate staff to supervise the 
worh in order to sec that the cement ^hall go into the work and not into 
the market. 

Another pomt is our dithculty with sand I tlimk this is n matter 
which is sometimes not appreciated by the men actually in chaige of 
coiistiuction woik. KcceutK one of oui othcers took many samples of 
Burmese sand to England m ouki that the\ might be tested under ideal 
conditions. If m\ memon dots not f.i 1 me, I think the results of many 
of these tests made witli the Buime',© band showed that the samples were 
fre(juently as much n<5 J-iO pii cent weaker than 'Samples made with 
'■taiulaid sand, it thcrefr.ie loHiws th.it it is essential to take the utmost 
caie m selecting tlie i>and when ^ou are considenng the construction of lar?8 
or tven small concrete works 

Xow, I would ask the authois of Ihesc papeis kindly to come forward 
and answer the questions which have been raised 

Mr, L E. Girtiiinij ( lu//»oi of Farm .Vo ? ) . l\li Clnuimnii and 
gentlemen, Mr D.amel itnsed the jioint as regaid'; the width of the 
cential portion between tJie cietcways as being 7 feet 6 inclies and 
considered that it seemed to he lather too noriow." .•ictually in the oiigmal 
plan the central width was to be 6 feet FoitunateK before the works 
were put m liand it was discmeied that load idler could not woik on a 
width of 0 feet .and so it wn? mcieased to 7 feet 6 inches which i? ^hc 
minimum width required. That is all I have to say, Sir. (Applan^^e ) 

itfj’. CJicinvia)i V ill 5Ir Turnbull kiudly come and answer the ques- 
tions that have been put- this morning’ 

Mr. ir J Turnbull {Author of Paper Xo. S): Mr Chairman and 
gentieinen, it will take me a considerable time to answer all the questions 
:n detail, and I suggest that with your permission this might be cariied 
•on by correspondence During the time available I propose passing a 
few- remarks on the following points The question of the high cost of 
concrete road has been raised and in this connection T may sny that in 
Bombay we have carried out some pxpeiiments on thin concrete road 
sl.abs. T would like to describe to you briefly the methods employed 

One of the advantages of concrete roads; lies in the fact that if 
properly designed it does not require a base, and can be laid directl\ on 
almost any subgradc so long a<; it has a uniform hearing. 



Most of the c-oncroto roncK m India arc i'Hd on old well con«olicl:»ti.a 
nater!>ouiicl roids and it lias long been felt that It might he po'v-ihle to 
utilise this existing waterhonmi innL-ndnm t.o as to make use of a thuimr 
concrete «liU> than i« ^nstonK.r\, m otIur\\ords, to make a thin concrete 
crust act in conjunction with the old base In order to in\ostignte tins 
problem experiments were carried out in Bomba\ about ^ j'ear ago on 
a shuit length of ruad carrying a traffic weight of about lOiJ tons ner 
vard width. 

The cMsting road had about 9 inches of soling with approximately 
to 2 mchos of metal and the following procedure was adopted in the 
construction — 


Preparation of the Base . — The surface of tbo old water bound macadam 
was wire brushed and thoroughly swept frto of all blmdlng and loose 
particles so as to leave tlie metal protruding 


far as possible this brushing and cleaning was done uith the surface 
in a dn condition. Am deep pot holes or ruts ..were filled in with 
metal to economise in concrete The sides of the road uere trimmed to 
give a depth of 3 inches of concrete, reducing to 2 inches about two feet 
from the edge. This is done to strengthen tlie sides 

The forms consisted of one line of brick on flat laid with a 1.8 
cement mortar. The construction of the brick forms was carried on well 
m advance of the concreting opemtion and great core mob taken to see 
that they were laid to the correct hue and grade on each side of the road. 

The next operation was that a 2 inches wire netting Xo. 1C gauge was 
placed on the clean macadam and fixed in position with nails at about 
8 feet centres, so as to be approximately in the centre of the 2 inches 
concrete surfacing. The wire netting was lopped about 4 inches at every 
junction and 'secured with wire ties. A neat cement grout of the con- 
si«itencv of thick cream was then bru«hed evenly over the surface of the 
protruding macadam m order to bound the concrete with the existing 
metal This application of cement grout is exceedingly important ns it 
ensures the bonding of the crust to the existing metal. Thi<? cement 
grout should never be more than two f«et in advance of the concrete 
otherwise it will dry out and be meffective 


Meanwhile the concrete wnj mixed ready for use in the following 
proportions : — 

1 part of cement, 

3 parts gr.ided sand. 

4 parts briaken traps craded from -J inch to J inch, 


51 gallon'! of water per bic of cement 

“Several trial batches had to be made in order to adjust the ratio 
of the fine to the coarse aggregate in order to produce a readily workable 
mix The concrete was then dt posited to an approximate thickness of 
o inrhe'? and at no point wa-? the thiyknc«is less than li inches. Tli* 
/.fo T,-oe then brought to the required contour by means of a worwlen 

fitted Thi. ehjred to th^ ero.. .eeiico of tl.e 

Ld .(rone enoofli to reimn il. shnpe nndor worMtiK condition. 

"■ 
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That IS briefly the method employed and the experimental length has- 
now been in serriee exactly 13 months. Actually we carried out four 
different experiments, one with Ko. 9 35. 31. C., one with 3 inch wire- 
mesh, one with 2 inches wire mesh, and the fourth nith hessian or 
canvas. The section witli No. 9 B. R. C. has cracked very badly; the 
3 inches mesh has six transverse cracks in 100 feet; the 2 inches mesh 
has two cracks at about 35 feet intervals wlule that reinforced with 
hessian, is a failure The cost of the type of road I have iust described 
is approximately Bs 18 per 100 square feet m Bombay, Where n well 
consolidated waterbound macadam road is in existence, it is possible that 
thin lightly reinforced concrete surface may be an economical solution 
Vihci'e wheel loads are not excessive. 

Diivan Bahadur N. N. Ayyongar‘ What about my suggestion? 

Mr. T7 J. TurnbvU I do not know whether your suggestion would 
Work It might be worth trying 

Dncan Bahadur N. Ayyanyar: For general use, for lighter work 
it is the only hope. 

Chairman Mr Turnbull will reply to the other questions raised by 
correspondence 

Tfie folio\ttn-j imj eommunicated by -Vr. IT. J. Turnbull by coTre*pan(hnct 
A HfpJits to <jiirstion! raided by correspondenrt. 

Mr. V/ B. Ouanell, 0h;ef En^lieer, Pord »ad Macdonald t.td.—The wnter lus read 
thi« Paper with interest and thinks that it would be of use if Mr. W. J. Turnbull 
R.ive recommendations as to th« gauge of aggregate which he considers best suited for 
different thicknesses of pavements A certain amount of uncertainly seems to esi-t 
amons-t encmeers recarding this point and it would be of interest if figures and factj 
eonld he ptsen showing the density and strength ot concietes using different gauges of 
the same aggiegates. 

-Vnother point of interest would be to note what results have been obtained in' 
Incim bv the u<e of rapid hardening cement and what special precautions, if any, 
are iieces«arj in their u«e including data Sa to the period after completion necessaiy 
before trnfRc can he allowed on the tond. 

^^r Tnrnlnill mentions the use of long floats us“d longitudinally to finish the ron^ 
suiface, by which method any corrugations fomeil by such float* are longitudinal- 
Thi-* certainly seems extremely sound hut as he mentions, the normal method i« to use 
screeds and tampers which are worked tcansveisely to the line ot the road The 
writer has found that by this method tlier** is a tendency for depressions or loni" 
corrugations to be formed along the length ot the road unless careful precaution^ are 
taken One of the mo't fruitful sourtes of tiouble is the careless fixing of side forins^ 
which should be ab«olutely iicul Anothei cause of trouble is that unless the tamper 
IS tiioiongbty well constructed and absolutely rigid it will whip during use and cause 
low spots in the croivn of the road, also, unices it is ptoperly shod the ends of same 
i>cine continually banged on the side-forms are apt to wear, thus producing uneven 
result* Tt -would also he inUrestiog to note whit results, if any, on a large scale 
have been achieved in India with a two course pavcincnl. i.e , a thick bottom coat of 
concrete composed of a poor aggregate and a thin top coat of granolithic or some 
harder 'lone Data regarding the rate of wear of roads treated and otherwise with 
silicate ot soda or other hardening application would be of interest. In this connec- 
tion also, in the event of belling not licing resorted to, the writer thinks that a 
furthei item should he in'erted in the list of operations— i.e., blushing or some other 
mean* of removing the ‘lait.ince’ from the surface, pilot to annKinc the liardeniiig 
.ipphc-ition. II - to 

Nkith regard to exp.iiision ioints, the proMsion of- such at 100 feet intervals seems- 
to take c.-TC of any pxp.indon between the trmperaturc ranges given Mr. TomhuH 
meiitiofis 30 feet traffic lanes as bemg advisable with longitudm.al expansion joints 
between adjoining stabs. It is found that tlie general width for Grand Trunk roads 



ii 12 Ifet m whicVi cafe no ctnlral Joncivodtnal tsp»n»M«i jomt would ♦crn* lo 
ctcessan', al»o m many ca^f^ the writer ha» notiwl conerele roul* of aay 15 feel 
width with a central lo'nptutlinal fxitan«K>R joinl Thu wooM »e,m to he nnnece<»ary 
and Mr. Turnhull’* comments would l>c welcome 

The Author'* reply.— The questioni raised by Mr Connell arc extremely interett' 
ing as they bring into prominence details which haac of necessity lieen omitted in 
the paper 

1 Gnn<jt oi OQ^rtgnlf hrH j«i/sd fat different tJlteXneee of eanrrtt* /rttement* — 
It IS generally agreed that the more eoar«e aggregate that can i>c incorporated into the 
concrete mixture the greater its strength and. tesutarice to «hra«ton Urn actual 
qamtity i« however limited by the workalnhty requircil for finishing operations 

The following may he taken as soond practice for the maximum sire of coarse 
aggregate in plain concrete ilali* 

Singlt Course — One thud the thickness of the concrete. 

Tu-o ^'ourse.— -Top laaer, half the iKickness Bottom layer, one-third the 
thickness 

It IS the author's opinion that the greater the maximum size of coarse aggregate 
that can he used the belter It is regretted that at the moment no figures are available 
showing the density and strength of concrete made with diflerent gradings of the same 
aggregates and cement of Indian manufacture 


2. Indian rapid hardening cements aie m effect ordinary Portland Cements with a 
greater fineness of grinding. Thev acquire the same strength m three to four days 
as ordinary Portland Cementa in 25 days 

The term "rapid hardening" must not be confused with "quick setting”, as Indian 
rapid hardening cements are all slow setting 


A concrete roao slab constructvd with rap'd hardening cement could be put into 
service after 3 davs 

There are no special precautions to be observed lu the use of rapid hardening 
cement other than the followinw — 

(a) Store rapid hardening cement lo a diy place and use as soon as possible 
Owing to the extremely fine gnnding it if subject to the action of any 
humidity in the atmosphere. ' 

if.) Use It m exactly the same way as ordinary Bortland Cement 

A point that IS not always realized is that due to Us fineness, it is rather 
lighter than ordinary cement aii-l inslead of the customary 90 pounds 
being assumed as the weight per cubic feet, rapid hardening cement may 
be t.iken as 80 pounds per cubic feet That is to say, when measuring the 
quantities of materials, the ordinary 1 cwt bag of standard cement which 
IS assumed to confam 1 2 cubic feet, may be taken as l-d cubic feet 
where rapid hardening cement is used ’ 

(c) Use ns little water for mixing as » consistent with workability. 

(tf) Mix V ery thoroughly. 

■ (e) Cure Ihorouohly for *hnc days 

The author’s opinion is that geneiully rapid hardening cement is not neeessarv for 
the construction of concrete - ••• 


me consiruciioii w. w-v -- H^ever for the hit sections of the slab, it 

may be advantageous to use if, especially w a rexd that has to be put into service 
.> mickly as po-iU' I‘ i. p.rticolarly .kM i„ ,h. „p.,„ „t tr.ncl,.. op-n.d m 
maJrel. real. ™ toP ItoacM*"' 

3 /.a.y.larf.ao/ n../. -Thm common prarti™ n.d.rjb.J Rial, l,„i 

where .n India there apP»,»" ,1,™ T *”,"■'1''™. •»'i •hrre thry hare 

£n tried, the aserage coaly «nd. them eiered.nglT .wlnrard owing to thrir Irngih 

4 Si* yorm.-The aolhor "g^rot nalh Mr Onnnrll a. to the 

”rms ^8% Iftfr a cMta'" amount of n«ct. and this u reflected m the finUhed surface 
of the TO^r 
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5. Two Count Pavtmtnti —The Calcutta Improvement Trust has probably carried 
oat the largest programme of two coarse construction. Their practice as in Central 
Avenue, is as follows : — 

Top Count —Thickness 2 inches. Coarse aggregate f inch to i inch. Propor- 
tions 1: !• 2. 

Bottom Count —Thickness 5 inches Coarse aggregate 1^* inches to i inch. 
Proportions Is 2; 4. 

6. Sodium Silicote — Xo data is available in India regarding the comparative rate 
of wear of concrete road slabs treated or untreated with sodium silicate. If good 
coarse aggregate is used, it is a moot point as to whether any surface application is 
necessary The stone takes the wear. 

Whilst hardening of the surface does occur, there is no proof that there is any 
beneficial result on the concrete as a whole and the practice is decreasing. 

7. Trannersi Expansion Joints — Mr. Gunnell mentions 100 feet intervals. This 
would necessitate an expansion joint J inch wide together with two intermediate 
contraction or dummy joints Joints of this width i c 5 inch are not advisable. It is 
better practice to have them at 35 feet intervals and make the width | inch 

Longitudinal Expansion Joints — Except in reiy wide city streets longitudinal 
expajision joint*, are never used, and m the cas.e of such streets the expansion joints 
are placed between the curb and tbe »lab where they ars out of the way of the traffic. 
The type of longitudinal joint between adjacent slabs zs known as a construction joint 
and 15 usually of the plain butt typeysometimes with dowels or some other method 
of transferring the load A construction joint is necessary up to a width of about 
15 feet 

Mr. A W H Oeao. — Do you recommend the use of the bag of cement taken at 
1.20 cubic feet in proportioning concrete mixtures or the cubic feet measured in a box. 

The Author’s Eenly.-'Tbe bag of cement assumed to contain 1'2 cubic feet 
should always be ta^en as the unit of measurement A cubic feet of cement can be 
80 measured in a box that the weight may be as low as 50 pounds. 

B Repues to qcestiom raised in the discussion at the 'Congress 
(The author in reply to the discussion wishes to express his appreciation of the 
contributions thereto, as they indicate the keen interest which is note 
being taken m the problem of evolving an economical type of road) 

I In reply to Mr Hyde's question as to hexagonal hoop reinforcement /the author 
has had no practical experience of this and would not like to express an opinion until 
it has been iniestigated Messrs J C Gammon Btd , have laid reveral bridge road- 
ways recently and possibly a report could be forthcoming in time for next years 
Congress 

II Mr Modak’s questions are replied to as follows : — 

Concrete road slabs are designed for average traffic It is the consensus of op.nion 
that the fatigue behaviour under repetitions of flexural stress is the controlling factor. 
The last««.V researches are m practical agreeroent on the following which «’re quoted itom 
an American Authority 

"1. When the stress does not exceed 50 per cent, of the ultimate strength or 
vhen safety factor is not less than 2 the concrete will FUnd a practically 
unlimited number of stress repetitions without failure 

2 H’hen the stress is lower than 50 per cent, of the ultimate strength or when 

the safety factor is greater than 2, the repetition of stress is actually 
beneficial and strengthens tbe concrete 

3 When the stress exceeds materially 50 to 55 per cent of the iJtimate 

of the safety factor is less than 2, continued repetition ot stress will ca 
failure or breaking of the concrete. 

4 UTien the safety factor ranges between 1 and 2 the number of rei 

required to cause failure varies with the number, decreasing as the ' 
factor decreases 

5 When there is a period of recovery between stress applications the 

action IS minimized. 

^ 6. There is a diGerenee in the fatigue behaviour of concrete under . 

of compressive and flexural stress, the action under Oexural 
tlie less severe for the same percentage of tbe ultimate strtngl’’. . 
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In 1 r*\cmrnt to flpxuml the rf^ullins compressive and tensile 

otress in the outer fil-rr« of tin slih are e'jual The len«i!e strength of concrete is 
"Oalv a small fraction of Us sir'nsfh m cpnpre'«ion C<'n«eeiiientU' "htn the flexural 
stress re>ache« rehtively Mg’i perreniace* of the ultimate moelulus of rupturi the 
resulting tensile strc« i« n hich j-ercentape of the ultimate len*ile strencth while 
the eompre’sne* »tre*« is n relsiisels small lenentace of the .iltiniate eompiessne 

strength 

Therefore, when flexural stresses amountinp to more than 50 per cent of the ult.mate 
Eodnlus of rupture are repeated the loiicrrte hecomes fatipuej in tension liut the 
■compressiae stress remains helow the fatigue limit ii. c«»mpre«sion 

All pavement slabs should he designed to carra the predominating wheel loads with 
« safety factor of at least 2 Hv selecting a flc«ipn fulfilling tfiis requirement an 
unlimited volume of such traflic ma\ carried ' ithout fatigue of the concrete The 
Stresses and resulting safeta factor for the assumed design should then be determined 
for the infrequent heaxaer h'.ads 

The wheel load eharaetcn«tic3 of Iraflie which a specific liighxxaa wall be calleil upon 
"to carrj' after improaement maa' he easily determined A study of the nrea in which the 
highway is located the number of each sue of truck registered in the a'-M, the 
population densjtx and the relation of the proposed improvement to other highways 
will aid the highwaa engineer to make conserxwtixe and rational traffic prediction's 
These nredictions mav he cheeked hv using well established traffic study methods 
involving mexpen«iae short traffic counts o:i improved roads of similar eharact—istics ” 

Rubber i« not advocated for expansion joint material in India as in all probability 
it would perish 

The curing period can be reduced to thre« to four daas by using rapid hardening 
•cement, therefore the very simple procedure of using this type of cement for the 
last tea days work would remote the inconaenience which Mr Modak has experienced 

The author regrets he is unable to agree -with Mr. Modak’s statement that “concrete 
roads are not suitable for every or alt kinds of traffic.” especially lo when he mentions 
heavy steel tvred traflie Present day practice in India indicates that cement concrete 
IS the final resort of all engineers of any experience who are faced with the problem 
of providing an economical road surface which will withstand the destructive efect of 
the bullock cart This is aery evident from the fact that m many provinces, cement 
concrete hannehes are being provided for heavily trafficked roads to meet these condi- 
tions 

His remark anent economy is somewhat difficult to appreciate, as the prevailing 
practice in the arterial roads m Bombay Municipality Is to lay sheet ssohalt on 4 inches 
to 6 inches of cement concrete The actual cost of this type is about 40 per cent, 
gre.ater than a cement concrete road and the average maintenance charges on .asphalt 
in Bombay are about twelve ann.as per square yard per annum, whereas on ArgvU Hoad 
-which IS now four years old, it is doobtful if the maintenance has been one anna ner 
square yard per annum * 

Mr. Mod.ak's statement that the addition of a weanng carpet of asphalt to a 
•concrete slab increases the strength of the slab is somewliat surpning \«rhsll >ia« 

' practically no flexural strength. ^ r - -i uds 


e average annua* cost per ennum 


III. foUnycing ort the rejJiet to Khon Hohaditr Farugyn'z ^/rsfions •— 

The Khsn Bahadur h.as ev idently misread rov remarks as I stated "an economir»I 
design of a concrete «lab that will re«ist theee forces” His interpoiali.m of w-ord 
“aspect" somewhat alters the meaning * 

It is a simple matter however to consider the economical aspect of various tqes of 
Toads 

The ba«is of efonomical comparison can W taken a 
'to the taxpayer, .and a simple logical formnla is as follow;— 

TMiere 

C=I-i-i-M— S 
>* 

C:=The average annual cost per sq yard per anunia 
l^The initial co«t per so yard 

,=The total i-it-rc<t paid 5 r*r dunag the life considered 

total maintenance and repairs to date. 

«;=The' salvage value at the are <wside-ed 
X=Thc age of the road in year* 



256 


A more accurate discussion of the economics of proposed road cxpendituies was- 
published in the Indian Concrete Jonmal of Decembe- 1933. 

As regards actual design of the slab this is discussed very fully in “'The De?'cn and 
Construction of Concrete Roads*’ by R. A. B Smith. 

In my reply to Mr. Jlodak I have explained the part that fatigue takes in the- 
design of concrete road slabs. 

As regards shrinkage and expansion of the concrete slab the statements in mv paper 
have been definitely proved by many experiments carried out by reliib'e authonties. 

A 4 inches slab is the minimum thickness that has been tried out ic other countries, 
and in India the Khan Bahadur has probably had more experience than others n the^ 
2 inches and 3 inches slabs constructed bj him m the United Provinces 

The longitudinal cracking in the short length on the Moghal Serai-Benares Boad is 
somenhat hard to account for, but may possibly be due to narping or non uintorm 
foundation conditions as explained in my paper under “suhgrade ” 

The advantages of having a longitudinal joint are ; 

(o) Ease of constiuction especially with hand finishing methods, as the 20 feet 
tamper for the full width is rathet awkward for the aveiage r<x)!j to 
handle _ 

(6) It enables the road*to be constructed m half widths — thus rllowing the traffic 
to use the road 

(c) Owing to warping any road slab over 15' m width is subject to longi udmal 
cracking 

The question of longitudinal joints will be discussed m the a.tbor's icply to 
3Ir Dean. 


Khan Bahadur Faruqui in commenting on joints is confusing two entirely different 
methods of laying concrete roads In the United Piovinces and Hyderabad the road* 
were laid in alternate bays, where expansion jomts are not necessary’. 

His statement that water cement ratio should be kept at a minuiium is exceeil'TS^y 
scund, the basic idea of this however is that excess water weakeis the strength 
the concrete and is conducive to segregation, the heaxier coarse aggrsjatca sinking w the- 
bottom of the slab 

IV. Mr BuTt’i questions regarding the u«e of rapid hardening cement and silicate of 
soda have been discus-ed in the authoi’s replies to other delegates. 


V .Vr. .Vflc/orlune’s ijniceiton — Precast slabs have fiequently been tried, hat 
owing to the numerous joints they ha\e never b*eti a success The author does not 
recommend their u»e, except in very exceptional cases 

VI Mt DnnieJ’s interest in this paper is exceedingly gratifving to the author, as 
Mr Daniel’s experience m the Chinglepul experimental road near ilai’ras enables h«n 
to speak with probably much more authonly than anyone else m India 

The question of design has already been discussed m my reply to Mr. Modal.. 

Regarding the diagram mentioned by Mr Daniel, it would anncfci that no ha® 
substituted the actual modulus'of rupture m the formula whereas S = ths allowable work- 
ing “tress and equals half the modulus of niptuie 

YII. With regaid to Mr. Tai/lor'a experience with the appearance of sodium sihcate 
cnrystals ou the underside of the bridge rnadwax -the authoi ret-i-ts he is unaVh to 
express an opinion ivithout having investigated the phenomena personally, in all 
bilitj Jir. Tajlor s assumptions as to the cause are correct 

In reply to his question on the use of sodium silicate ns a curing pj-ent the following 
extract from the Journal of the American, Concrete Institute i* of interest with refer- 
ence to the results of a senes of experiments on diRerent methods of Curing Concrete 
“From the«e results It would appear that the coating of Sodium Silicate wss of 
. little or no x-nluo as a means of curing concrete 

,“■* y™ oMained „ith 

m ^ chlonde adnuxtore currf in air tl>» 

'”'5'’ »■■■>■” ■'= lo 55 

idini: at S," 



VIII. Jn TtjJy In Mr. D^nn't — Expcnonc« indicates that the tjppi of 

longitudinal joints shown at the end of the author'a paper fatter page 228] arc quite 


The dowelled joint with prcmoulded eTpanslon joint material is possibly the best 
type in «*e at present It is exceedingly important to prevent the access of^ water 
•through the joints to the sui.erade a« it tends to rednee the support to the slab and 
•there is no evidence that any joint filler so far used has been effective under all condi- 
•tions 

Most premoulded joint fillers at present in use have a bitumen matrix with or without 
admixtures such as wood fibre etc., and are used in sheets. 

4 

One of the latest experiments consists of a strip of annealed copper about 6 inches 
wide laid horiiontally through the joint and provided with a small central corrugation 
-to take up horUontal slab movement 'This tjpe prevents the ingress of water to the 
aubgrade, but its life is unknown 

The question of the amount of miamg water required depends pn several factoi* hut 
it generahy between 5 to 6 gallons per bag of cement which shojld include all free 
^•water carried by tbe aggregates 

The water cement ratio law is one of the most important discovenes of modern 
•concrete research, and maj almost be termed a basic law It has been proved thit for 
.any particular aggregates and methods of mixing, placing and curing, the strength of the 
resultant concrete depends solely on the water-cement ratio law. whereas economy 
depends upon the amount of aggregate which can be added whilst maintaining the 
consistency that renders the con'rete workable 

It IS desirable to use a slightly oversanded mix m order to facilitate finishing 
■operatioTis especially wnth hand finishing methods 

The initial set of rapid hardening cement is the tame as for ordinary portland cement 

IX The reply to .Vr G Hod Shaxc't request for information on the subject of 
•concrete, is as follows — 

Light-weight concrete is made either by a chemical process or mechnnically The 
chemical method is based upon a reaction between nn .x’kaliiie rneml and 
water when mixed with cement and other ingredie its The Muter is 
decomposed Into its elements, the owgen makes an nlhauce woth the metal, 
■and the free hvdrogen creates little bulibles in the mixt ire, which swells 
up to *everal times its original volume and then graduslh hardens in the 
same wav as ordinary concrete It is possible in this rr.anner to produce a 
concrete so light that a cubic foot thereef weights r>n!j 20 poiinda At 
. about 42 pounds per cubic feet th« ultimate compressive strength Averages 

400 to 500 pounds per «quare inch 

The te'ture of the material rewmbles cork It has small and cvenlv distributed 
cavities which make up 70 per cent of its volume Each one of lhp«e 
cavities i« a clo«ed compartment surmimded liv thin wnhv and this is the 
rea«on the material ha« such good insulating 'qualities The matert.al can 
be made in Mocks or it can be cast in situ 

Another advantage of expanded concrete is that it can easilv h workevl with 
common wood working tool* It can l-e s-awn and grooves i.m be made in it 
for electric and other conduits 


Lightweight concretes are aho made with breete clinker, or pum ce as aggreg.ates. 
To obtain a lightweight pumice exmerete for nse as filling s.nd muM i-ol be 
added The densities of 4 to 1 pumice conciete wath and withoul saw I ba\* 
been found to be about 93 and 85 pounds per cubic feet lespectivelv 

X. Mr 0 ifxUhtU rai«ed a very interesting point regarding what would happen 
nf the concrete slab wore out. 

The customary procedure is to resurface xnth about 3 lo 4 inches of new corrrete 
sometimes lightly reinforced with The use of cotton fabric to form a 

gleavage pbne -as meritioned in my introduction would prol«bly facilitate any re|.airs 
As regard* the failures and surce««e* of cement macadam, the one quoted m Mr 
<3reenmg’s paper has faded but tha ha» been quite successful at 

Kagpnr.S-eWe and elwwbere It does however require very careful supervuion and 

-the author prefers the aU concrete aab. 
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Mr. H. 3/. Surati (on behalf of the Author of Paper Xo. 9) : Mr- 
Chairman and gentlemen, there was some eritreism about longitudinail 
joints and Mr. Dean has to some extent replied to that. We adopted longi- 
tudinal joints because we could not close the whole road and liad to leave 
half open for traffic. And as a result of having a longitudinal joint we- 
avoided heavv tamping on longer width? with a camber of 2 inches. 
It is vetv difficult to keep the shape of the camber and to mamtain an- 
even surface over the whole width of the construction, but with this 
centre ]omt we had only .shout i inch curvature and the surface was- 
uniformly finished 

Mr. Daniel wanted to know about the rapidity of our construction at 
Hyderabad. We actually found that the asplmlt road took longer to 
construct than the cement concrete io.id. [T'idc page 234, para. 16 (1) of. 
Paper Xo 9 ] In regard to lime-concrete, it was only an experiment and 
the idea was to reduce the cost, and when we find it is wearing we shall, 
just give It an asphalt coating. Of course "e found it wearing, but not 
so badly as the asphalt surface, the Hme concrete serving ns foundations. 
Somebody asked about the mixing. The mixing was done by machine. 
We found hand mixing was not so uniform in quality, at times being very 
dry or not properly mixed. Mr. Dean wanted to Imow about cuts. We- 
are cutting our cement roads; for all services we cut out roads with 
chisel and hammer and again repair it in the usual way. In the case of 
on asphalt road we found that it was difficult to keep the cut to th©- 
same shape, but cement concrete cutting remains to the «nme shape. 
That is all I have to say. 

Chairryian Now, gentlemen, I would ask you all kindly to accord ar 
most^ hearty vote of thank? to tHe authors of these three most interesting 
and instructive papers, and also* to all gentlemen who have taken pirt 
in the interesting discussion. After which I shall ask Mr. Hyde kindly 
to take this Chair. 


A vote of thanks was passed with acclamation. 

•Mr H. A. Hyde -V C , Chief Kngmeer^ P. IT. D., CenlrnZ Provinces, 
then took the Chair 

Chairman Gentlemen, before we break o2 this mommg I wont to* 
take the opportunity of proposmg a very hearty vote of thanks to Mr. 
N.. G. Mitchell for the very great trouble he has taken and the great 
amount of work that be must have undertaken in getting up and running 
this Congress (.Applause.) I did not take part in the tour myself but 
I understand from those I have spoken to about it that it went like 
clockwork from start to finish, (Applause) and that every possible- 
arrangement was made, not only to show you interesting work but for 
wie convenience and personal comfort of all taking part in the tour. 
There is no difficulty whatever in realizing the very great amount of 
^rk necessary to run a congress like this, and I want to just repeat’ 
that we all appreciate it very much indeed and to ask you for a hearty 
vote of thanks to ifr. MitcheH’. (Applause.) 

A vote of thanks to 5Ir. K. G. ^Gtchell was carried with acclamation!. 



Mr. K. G. .\fitchcU; Mr. Ch&irm&n and gentlcmca, I thank you very 
much. It has been a certain amount of trouble but it has also been a 
very great pleasure, and if it results in some permanent organization for 
the future, then what little trouble there has been will have been well 
worth while. I may say I do not think Sir. Hyde is quite fair. This is 
the second time he* has sprung this on me in two days. (Laughter.) 

Chairman: \Ve meet again at half past two. 

The Conference adjourned till 2-30 


The Congress re-assembled after Lunch at 2-30 p.5i with the Honour- 
able Mr. D. G. Mitchell, Secretary to the Government of India in the 
Department of Industries and Labour, in the Chiur. 

The following Beport of the committee appointed ou the first day was 
taken into consideration;— 
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Eeport of the Provisional Committee of the Indian Hoads Congress. 

The first meeting of the Indian ^ Roads Congress appointed the 
•following committee to report upon the necessitj’ for an organisation 
of a permanent Indian Roads Congress. 

ProvinceB. 

Jlr. A Vipan Madras. 

Mr. L. E. Greening. Bombay. 

i^Ir. D. J. Blomfield Bengal. 

Mr. C. F. Hunter. United Provinces. 

Mr. S. G. Stubns, 0 B.E. Punjab. 

Mr 0 H. Teuton Burma. 

IMr N. G. Dunbar. Bihar and Orissa 

Mr. H A Hyde. M C Central Provinces. 

Jlr. B F Tajlcr, VD Assam. 

Mr. G A. M. Brown, 0 B E. Morth*West Frontier Pronnee. 

Mr A. Brebner, C I E Central Public Works Department. 

Indian States* 

Rai Bahadur A. P Varma. Patiala. 

Diwan Bahadur X. N. Ayyangar Mysore. 

Ml. P L. Bowers, C I.E , M.C. Jaipur. 

Bttsiness. 

Mr H. E Ormerod 

Col, G E Sopwith ' 

Mr. G G C. Adami.f 

Military Engineering Services, 

JInjor W. B. 'KNTiisbaw, M.C., R.E., Engineer in Chief’s Branch. 

2. The Committee met at 6 p.ii. on Monday, the 10th December, 
Mr. Hyde being in the Chair, and now reports as follows 

•Two additional ropresentatU'es of Indian States, viz., Rai Bahadur S. Bhaduri 
(Gwfthor) and Hr. M. a. Z”“8n (Hyderabad) were snbsequently elected vide pops 
SC8. 

tMr. C. D. K. Mearrs has since been appointed m hia place. 



■KwftsaUy Iot wme petmanenl body.— It i« liipliU- (lie\ra\>U‘ to 
?on«{{titto n i>crmnTi('nt liof{\ wliieli hmj l»r r.^lltd tlic fiid'an Honil'* 
.ongrc^s. Tlio o{ hipIi n body should bo*— 

To provide for n repuinr ]<y>linp ff cxppricnco niul c\ciionpc of 
aoas on nil mnltcra nfTortinc the con^tnietipn nnd mnintonanco of 
oads in India; to rccomtiKud atnndnrd t«pcc*fioalion<i. nnd to provide 
or (he expression of the opinion of the Tfoid nneincerinp profeesjon on 
aattm nfTcctinp their work Tlie functions of such n body should be 
trictly confined to professional nnd tcichmctl niivlter", 

QuallflcaUons lor membership —Subject to the specific or general 
spprornl of the General Coronaitoe. memherthip sljould he open to all 
professionally fiunhficd 'nnpineerH enpnped or concerned in the con- 
struction and innintennncc of roads whether in public or private oinplcy 
The standard of professional qualification should he not less than that 
tequirod for direct recruitment to the r.mk of assistant Cnpineer in a 
Provincial Service The General (.'oinmittee might nl«o admit persons 
holding the rank of Assistant Enpincer m a Provincial Service or 
equivalent rank though not qualified by examination In addition the 
■professional members, non-professional gentlemen closelv concerned or 
mtcrested in roads should be admitted as associates 

Subsciipllons —There shovild be only two classes of constituents, 
namely, members and associates The subscription should be Rs 10 
per annum for members and Rs 50 per annun. for associates 

0. Privileges ot constituents — AH members and associates should be 
on an equal footing ns regards attending and socakinc at meetings, 
■subject to the nccessarr arrangements regarding trav^lliny allowance 
All constituents would receive copies of the printed proceedings of 
annual Congresses and such other litr.rature ns mav be circulated It 
■must be recognised that for the mnjoritv th< benefits n 11 be confined 
to the receipt of the proceedings and other literature, although it is to 

be hoped that a large number of those in the Province m which the 

annual Congress is held will be able to atte^id .Vnv member or 

associate should be at libcrtv to submit a paper for discussion The 

acceptance of Tapers will rest m tVio General Committee but the General 
Committee might find it neccssnrv to delegate this matter to provincial or 
Stare committees 

7. Attendance at mettmgt,— The ittcndunci* ot puldic servants at 
annual meetings of the Congress wdl depend upon the ariangoments 
for finance. Tn any event thev will be uominatFd bv the loc-il Gov- 
ernment or hr the provincial committee Non-officinl constituents will 
attend at their own expense or at the expense of their principals 

9 Management —1 lie management of the Congress should be in 
the hands of a General Committee and Provmenl or Plate Comm ttees 
The funds and property of the Congress should vest in the Gener.il 
Committee 

(a) Gfiieraf Co»i»iiffrf — The tJenera! Ccimniitce «lcu!<l be con- 
stituted as follows. 

(i) The Chief nt.gmetr m charge of roads of each Governor’s 
province or lii< nomintt 



(li) The Chief Engineer of the Central Public Works Department- 
(hi) The Consulting Engineer to the Government of India 
(Beads). 

(iv) Fi^e representntives of States to be elected by the re- 

presentatives of States present at each annual meeting 

(v) Three reprj^sentatires of non-official members and associates 

elected by the non-official members and associates present 
at each annual meeting 

(vi) One representative of the Ifiht.ir^ Engineering Services 

The Consulting Engineer to the Government nf ludia (Bo.ads) 
vould be cx‘ofhcio Secretary of the General Committee. 

ih) Piovincial or State Committees — Pronncial or State Com- 
mittees should be constituted br the Chief Engineer Jn charge of roids 
m each Governor’s Province and cenain States and should consist of 
officials and non-officials The precise strength of the Committee and 
the representation of the official and non-official constituents to be 
determined by local considerations The Chief Engineer m charge of 
roads in each Governor’s Province and in each State in which a State 
Committee is constituted should nominate a Secretary from among the 
members oi the Committee 

0 Finance. — Ii is difficult to esumate to wbnt extent subscriiitions 
tiill cover the cost of printing, postage and clqrica] assistance. Member- 
ship may take time to grow and the Government of India should be asked 
for a lump sum crant from the reserve id tla Rond Account to cover 
any deficit there mav be during the first vear or two The largest item 
of expenditure will, however, be in connection with the travelling 
halting allowances of delegates -Htcnding the Congress and in respect 
cf the hire of transport for tours of inspection Tlio Committee fully 
recognise the force of the argument that the benefits of the Congress 
will accrue almost entirely to Provinces and States in improved and 
more economical roads They ale© recogn-se the difficulty with which 
the Government of India will be faced m continuing to bear the whole 
cost of .the Congress which is uncovered bv <;ubsca'ptions, if local Gov- 
ernments and St.vtes are unable to endor'se the value of the, Congress by 
bearing the expanses of sending their doleg'ftes to meetings. They feeh 
however, that the raserve in the Road Account constitutes a special fund 
— a fund which local Governments have not got — specifically intended to 
stimulate research and intolhgonee They consider th.it those objects 
would be admirably served bv such a Congress and that the saving ot 
n duplicate experiment which the Congress should effect would al^® 
be a justific.ation for this expenditure from the reserve. They under- 
stand that the cost of the presont Congress, including the tour, 
amount to about R«i 25,000 .and they observe that this is equivalent m 
a grant for the construction of half a mile of experimental concrete 
road. In the present state of financxil stringency, they do not thinK i 
reasonable to ask Provinces and States to defray the cost of 
delegates. As already stated. Provinces and States have no 
specifically enrnu’rl.ed for sucli purposes and for the present ut 
m.iny of them might be impelled to decline to meet this expenditure. 
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not bccnupo tlirr doubt it« Imt ns a nattor of ccnf'ral 

pnnoiplo thcv Inm ftill to nbstnin from nnj ad<l.*ional CTf^'nilituri' bow* 
crer small and bo^^rarr b^'n^flrnl until tluir btidc<'ta nro balanced It 
may be «uc~c<ted that tbe rxjHM«e maohrd ♦tmld !»«• ni''t from eaislinp- 
budpft yroMsims fo* traMlbnc nn->«ann« of r«^ad <li parimciits. but. 
the Committee feel that that budeet proaasion lifts ftliv.ady been reduced to 
a level nt nhicb ftd'C,t]Ti«' in*i<et:Mn is ditTicult nnd ihn: to draw upon 
that inadequate prontjon fo’ n'lntively expensire journeys outside the 
frorince or State to .attend rvnnunl me* tines of tlw Concress would be 
a dsserviee to the objee's <tf tbe Toncress Thcv therefore recommend 
that for the neat t«o vf ars the «»n\emment of Indin should, m con- 
sultation nith loe.il fiiiMmiiu nts and Stfttef. continue to defray the 
cost of these, rn-eiincs .and tlwa suepest that the npprovnl of local Gnr- 
framents to svieb n emirse would be sufficient justifie.ation secinp that 
monev not exp-ndtd Ui tins wav would iillmintelv po to roa<l nutlioritles. 
•u some fiirm n*- itlur rnilirn. this the\ recommend that the Govern- 
ntent of India should permit loeil Governments to dcfrftv the cost of 
aondmp delepates to the Conpress from their sharis in the Hoad 
Account 

in Place ol annual roeetiags. — The Conpre.ss should meet in n 
different Proiince or State cnch aenr by invitation from the local Gev^ 
emment or State concerned 

11 riist General Committee. — The constltujnt Committee nppolntod* 
to report should, if the Congress is censtituted, continue to hold office- 
until the nest annual general meeting 

12 Constitution and bye-laws.— -If the Conprtss tabes permanent 
shape, it will be uccessara- to have a written constitution and bjo-laws. 
These cannot he drawn up until the main lines of the futifro constitu- 
tion and finance haae been accepted by the Government of India in 
consultation with loc.al Governments. Moreover, it is not possible for 
the constituent Committoe in the short time nt present available to 
attempt to draft these. It will therefore be necessary for the Com- 
mittee to meet nt some future date for this purpose. It is observed 
that the General Committee will not normally meet, save at the time of 
the annual Congress, but that on this occasion this will involve certain 
non-recurring expenditure which will presumably have to be defrayed 
from the reserve in the Po-id Account 

13. Sob-Committee. — ^Thc General Committee has ' accordingly 
appointed certain Suh-Committecs, to undertake certain neccss.ary work 
during the current ymr and to report to the General Cqmmittoe, ns. 
follows- — 

(a) Drafting Committee— “ 

Mr, A. Brc-bner. 

Jlr. C, F. ITiinlor. 

Bai Bahadur A. 1’. Vnrnia. 

Mr. K. G. Mitch' n. 
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Thit> Sub-Committee will deal trith the draft constitution and bye-laws 
jind will also act as a reading pommittce to accept papers for tlie next 
OoDgress. 

(6) Technical Sub-Committee—’ 
t*Vr. G. G. C. Adami. 

J'lr. S. G. Stubbs. 

Major W B. Whishaw. 

Mr, K. G r^Iitchell. 

This Sub-Committee will be instructed to deal first with the question of 
^8tandardisation of unit^ of weight and measure and of nomenclature 
Jt will consider Aihat technical questions are most urgent and suggest 
subjects for Papers at the next Congress. It will also act as an advisory 
research committee to recommend lines of further research and experiment. 

14. Venue of next Congress. — The Committee consider tliat the 
“Governments of iladras and Mysore should be approached with the 
suggestion that ihe next Congress should be held at Bangalore and 
-should include tours of inspection from that centre of roads both in 
Mysore and Madras Faibng Bangalore, the Committee consider that 
the nc.vt Congress should be held either at xlladras or at Calcutta 
subject to the approval of the local Government concerned.* 

DISCUSSION. 

Chair7nan . Gentlemen, I understand that you have all been given 
•copies of the very useful report submitted by the Constitution Committee. 
Unfortunately, through aheer lack of time, they have not been able to 
•complete the whole duty placed upon them, but they have given us a 
very clear lead and I think we should be able to come to some final 
decisions this afternoon. I propose to begin with asking if anybody has 
any remarks to make on the general aspects of the proposal, the general 
desirability of this Indian Hoads Congress Thereafter I propose to go 
through the paragraphs of the report one by one and call for remarks on 
oach. "U’cnld anybody like to say anything on the general proposal for 
having a permanent Indian Hoads Congress. 

Mr. D J. Blonifield: V'lth regard to item 3 of the report of the 
Committee,” the necessity for a permanent body, I think we all agree that 
this first meeting of the Indian Hoads Congress has convinced us of the 
necessity fos a permanent body: only will it be of great value 

to \is incliriduallv as engineers, but also of great value to the Provincial 
■Governments which manv of us represent. It will save Government a 
very great deal of duplication of experimental work on roads ns well as 
keep them informed of the failures and the successes of the various treat- 
ments of roads. I hare always thought it was a great pity that we are 

•An invitntion to hold the nert S«*s..ion of the Congress at Bttngatoro ha*! fince bcoa 
received from th" Oovernment ofH. H, th«>Iaharoja of and 1ia« b“<?n accepted 

Tjy the organizing Secretary on behalf of the Congre®*!. 

tMr. C. D. N. Mearei of tbs standard Vacuum Oil Company will B»rvo on thfl 
Technical Sub-Committee rie» Mr. C. G. C. Adami. 
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tenable to seo t\iul hear more of wh;it otlier Droxinces are doinc in road’ 
x\ork, nud the creation of this body will certninly enable us to ren:cdy 
this defect. 

There is ono point which I would like to bring up which I do not. 
think has beta considered in the Coniiiiittce, that is that if one or more 
members of each rroxincial Oovernnieut receixe the i)roceedings and 
papers of the Congress wdl they be entitled to have these reprmted for 
distribution amongst other engineers in the I*. W. I> If so, there will 
be no object in tlio^c other olheors joining ns nieinbcrs them-selves, except, 
possibly when the Congress is held in their proxmee I think this is an 
important point which we did not take up m the Coimnittee. 

.t/r. B. F Taiilor. 1 should like to su\. Sir, nt once, on behalf of the 
delegates from Assam that we are firmly tonxiuccd that a Congress of this- 
nature cannot but be of the greatest benefit to tbe profession m India 
aud m particular to Assam We nr.‘ extremely grateful, and should like 
to place on record now our aj>precinlion of tbe iimiiner in which the Gov- 
ernment of India ha\e launched this Congress (Applause), and for the 
very generous financial asvistnnce they have gixen to it Assam, where 
we come from, the Government of India have been good enough to label 
as a ‘backward tract,’ or any how large parts of it Well. I tbmk it is 
a bit hard to be told vou suffer from malnutrition b> the fellow who is 
picking your pocket and prexenting you from being nn\ thing else I refer 
of course to the fact that the Government of India take the whole of tlie 
excise duty on kerosme and petrol produced m Assam But, whether or 
not we are a 'backward tract’, I o.ip assure you that wo engineers w*ho 
have “to make bricks without straw” dcfiniteh feel that wc are members 
of the “depressed classes” As our resources are \erv limited, it cannot 
but be of great good to us to xisit other provinces and to hear from 
engineers of other provinces what thev arc doing with their larger resources 
and the better opportunities they have for trial and experiment, and a 
Congress such as this cannot but be of great benefit It is all verv well 
to lend papers, if one has t!*e time to re.id. which I fanev most of us 
have not. and it is still more difficult to write them, but to my mind the 
value of assembling like tins Has not in the reading but m the discussion 
which follows, and still more in meeting the people who have written the 
papers or criticitod them personallv, and ciso in seeing the actual results 
which the papers describe I therefore think, and I do not suppose 
anvbody here holds any other opinion, that this must be of inestimable 
value, and I think it is up to us, apart from passing resolutions and 
adopting the Committee’s Beport, to sav what we think most emphaticnllw 
and definitely I therefore beg to support tho Proposal for an annual 
Congress with all the emphasis I can command (Applause ) 


.Afr. 0. H Tcvlnn Jfr. Chairman and gentlemen* The Government 
of Burma has committed itself to support the proposal to constitute tbe 
Hoad Congress in that it has permitted two delegates to attend the recent 
tour and the Congress. The attitude of the local Government is neces- 
sarilv coloured bv the approach of sep-aration and this involves a certain 
amount of detachment of outlook towards India’s problems and organisa- 
tions 'As a result of attending this first Conrress. ^ am more convinced 
thnn ever of the advantages to be rained bv ostabh'shing tbe Congress 
upon a permanent footing. .T ^ake the -new that the opportunity which 
Congress nfTords of the interchange of ideas and the faciliUVs it gives-/ 
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be a limit, but in other respects I think I may say on my own behalf 
that the proposal will be given very favourable consideration. (Applause.) 

Paragraph 10. — ^No comments. 

Paragraph 11. 

Mr. A. S. de Mello : I suggest that the first general committee should 
have power to co-opt members. 

Chairman: A point arises from the constitution of the first provisional 
committee w’hich ha^ three members for the States. I understand that 
for the final Committee it is proposed to have Hve members from States. 
Peihaji's the nieetmg would agiee now that for this committee wliich ^iil 
hold office for the nest year the representatives of States should also be 
five. Is there any objection to the proposal? 

(No objection was raised.) 

Then we may take it that for the next year — the committee will 
consist of 6 lepresentatives of Indian States. 1 leave it to the delegates 
from the States to appoint the two extra members, which I presume they 
will do in the coui'se of the afternoon and intimate them to the Secretary.* 

•Vr. D Macfarlane: I should like to make an inquiry just out of 
curiosity. I have no fixed ideas myself on the subject I want to* know 
whether the technical committee who ore going to decide on the papers- 
that are going to be received have formed any ides themselves yet as to 
the limit and scope of papers. This is an -Indian Eoad$ Congress but at 
the same time in our tours we were shown, and we were very glad to 
see it too, ceitam cases of bmlge construction. Are we going to allow 
pajiers on bridge construction, arboriculture and various other sub-heads 
which are connected with roads. I have no ideas myself on the subject. 

Mr, H, A. Hyde Bridges would certainly be included. 

.Vr. K. 0. MttclicU I do not think the technical committee N.tiuld 
necessarily limit the papers. I think our ideo was to suggest the most 
urgent matters on which papers would be receh'ed. That would not pm- 
clude any body from writing any paper wliich concerns roads, which he 
thought would be of interest, including bridges. All that the technical 
^ committee did was to suggest certain subjects on which it was very 
necessary that we should Inne papers 

Chairman. This matter inav be safely left to the discretion of the 
committee itself. 

Xo remarks on other paragraphs 

Chairman’ That concludes the deliberations of this afternoon 0® 
your behalf, I would like to thank the members of the committee for the 
\cry useful work thev have put in in connection with this report. I hop^ 
the Labours of the sub-committee wrill be successful and that they will 
come to sntisf.nctory conclusions. 


C. D. N. Menrrg then invited such of the delegates as were inter- 
ested in the subject to inspect the soil stabilization work that was 
being carried on at the junction of Badli Boad and Kama/ lioad, 

•RnL nnlimlnr f . N. Bh>i‘lurC (Gwalior) an'i Mr. M. A. Zeman were elcctcda^thc 
two ndititinrni rej'reii^ntntRcvi pf state*. 
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Chairman'. That concludes the deliberations of this Congress. I hope 
you havo enjoyed your tour and the Congress sinco I think some memberB 
expressed a vote of thanks to the Government of India for putting up 
the money. I think I shall bo able to nssuro the Government of India 
that the money appears to he extremely well spent. 

A vote of thanks was proposed to the Chairman and then the Congress 
dispersed. 
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APPENDE A. 

INDIAN ROADS CONGRESS TOUR. 


The following Delhi at 11-35 OQ the night of Tuesday, the 4th December, b;a 
specially chartered train. 


Air. A. Vipan, Special Engineer for Roa^l 
Development, Madras. 

Mr. D. Daniel, Distnct Board Engineer, 
Tinnevelly. I 


Mr. M. A. Abbassi, Assistant Engineer, 
Central P. W. D , Delhi. 

Lt -Col. E. L. Farley, M.C., R.E, C.R.E., 
Lucknow, 


Mr. L. E. Greening. Deputy Secretary, 
P W. D., Bombay. 

Mr. N. T. blodak. City En^neer, Bombay 
Corporation 

Mr D J. Bloinfield, Chief Engineer, 
P. W. D . Bengal. 

Mr. V. A. Stein, Superintending Engineer, 
Calcutta 

Mr. Prsmatha Nath De. District Board 
Engineer, Burdwan. 

Mr. S S Bhagat, Executive Engineer, 
Meerut. 

Mr. A, Eastmond, M.C., Executive Engi- 
neer, Agra 

Mr. 6. G. Stubbs. O.B.E., Superinteuding 
Engineer, Ambala j 

Mr. S Bashtram, Executive Engineer, 
Ambala 

Mr. 0 H. Teulon, Chief Engineer, 
P. IV D , Rangoon 

Arr. H. Hughes, Superintending Engineer 
Rangoon. ’ 

Mr J. G Powell, Chief Engineer, 
P. AV D , Bihar and Oriss?. 

Mr. N. G Dunbar, Deputy Chief Engineer. 
Patna. 

Captain O F Hall, M C., Superintending 
Engineer, Jluzaflarpur 

Mr P. V Chance. Superintending Engi- 
neer, Piaipur 

Air B. F. Tavlor, VD., ORir. Chief Knci- 
neer. P. W. D., As«am. 

■ir. G r.eid SH-vw, SuperintendiDs Engi- 
n»er, Sliillong S i> 

Mr. K E L Pennell Assistant Cbiti 
Fiicmeer. Shillong 

Mr .S N. Chakraiartj. Alonicipal Engi- 
nrer. Delhi ** 

Mr A. Proad. Superintendme Eneineer 
C.ntral P. tV. D, Delhi. ^ ’ 

Air. A. tv. II. Dem AI C.. Executive I 
Engine r, Crntn] p. v,\ n. I 


Mr, H. JI. Snrati, Divisional Engineer, 
Roa4s, Hyderabad (Deccan). 

Diirua Bahadur N. N. Ayyangar, Chief 
Engineer and Secretary to Government, 
P. \V., Railway and Electrical Depart- 
ments, Jlysore. . 

Rai Bahadur S. N. Bhaduri, Chief 
Engineer, P. W. D., Gwalior, 

Air. G. B E. Truscott, Chief Engineer, 
Travancore 

Rai Bahadur A. P. Varma, Chief Engineer, 
Patialuk 


Mr. S G. Edgar. Superintending Engineer, 
P. W, D., Jodhpur. 

Air. D. G Sowani, Executive Engineer, 
Kolhapur, 

Air. D V. W. Oltley, Chief Engineer, 
Patna (Orissa State). 

Air. G, G. C. Adami, Burma Shell Com- 
pany, Calcutta. , 

Mr H. E Ormerod, Vice-President. The 
Indian Roads and Transport Develop- 
znent Association 

Lt.-CoL H. C Smith, O.BE., M C.. 
AI L C . Genersl Secretary, The Indian 
Roads and Transport Development 
Association 

Mr W J. Turnbull, the Concrete As'oeia 
tion, Bombay. 

Air T C. Marschalko. Texas Company, 
Bombay. 

Mr IV. H Kerr, Shaw Wallace and Co , 
Bombay 

Mr. Nnrmahomed AI. Chinoy, The Bombay 
Garage, Bombay. 


Mr. W. H Rowlands. Burmah Shell Com- 
pany. New Delhi. 


Mr. 


R W. P.srk!inrst, A.AI.I.E.,_ Aust- 
(Trinidad Lake Asphalt Operating L-o , 
Ltd , Sydney, N. S. ^•) 


Mr 


K. O. 
Enginee; 


Mitchell. C.T.E., CcuTOUiog 
• to the Govt of India (Road J- 
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2 Mr. 

HoVfrt»<'ri. 

•K K . A 


r. \V 1) UnKloti, Dittnrt EnciT»*«T, ( »t'! 

nr (Utrv'ou Kiicmrrr yurtu. Mijor W It ‘Mo.*'* 

» lUa'lq'nrtrr* Simla. .Mr 1> >h<-fiTlinr, (Ijml Kn^inc 


mV <; 11 llnnt. M C . r_nfl*T N' 


f In (t<o 


iSV. l\m r^niMna'. Kararh,. ll,. p,ty at 

and Lihorf 

5 Oa arri«l at Amnlsif tlm jartx- met |y Mr Maefarhne l!i. Itil.. 
'^ani K.im Sut’enntcnding Engineer. Mr L A Ircak. Kxwitivp I ncinMT. 
l-f'nyn Tail A**i!tant Engineer, ami after a ehort to tlie (.f.ld*n lemtd. 

Lahore in-’pecting the Grand TrunW llo.-..! from Amntetr to I.ihore M.i 
tl e NWU at lAhore, and a elmrt iwrlion of the Multan Ihiad, ['articuhr* 
>vere‘ furnished h> the Puiijal. GoNernment ns follow. 


It 

.'f G . 

ary 

Anifit»ir 

triiir l<*la 
and IwtU 
• I'lt for 
yo l['>ad> 
of whifh 


AVET>NT«DtT iionvrco, DtcEstccn Titt Silt 

/ i!7ra«(? Tninl IfonH—Amnt-fir to ZoAore — Thia .ectmn of ihe Grami Irnnk 

'Hoad connects the tiro l.arpest cittes m the Punjab ft i«. therefore, of 
interest to Enirineers aj it ia subjected t» '^•’5 he.m .and fa«i ii oMne tnlTe the 
intensity of which Jtraduslly mcrease. lowanJs Lnliore where il reac'Kw a figure o/ SCO 
tona per jard width per day 

With the exception of the portions in the n<imty of Amritsar .md L-xhore the Aidth 
-of this lection xvaa ongmallv the »ame as that of (he remainder jf He Grand 'i runk 
Road i« 12 feet It has'recenllv been increased to 20’ and » the cniy rontniuou. 
stretch of’road of this width in the Proxicre This increase js a \‘ry great iinproxe- 
ment both in conxenicnco ami safety to traffic, e«pci'ialU' during wet weather, ns 
vehicles can now pass or overtake one another without having to go u'l to the herms 
The road throughout con«ists of water hound hmestone macirfim. .urf.-iced with 
Shnlimar Tar, the tiiecification Tor the latter being as follows per ICO »tt of surface — 
Shalimnr Tai Xo. 2 . . 2S lbs, 

Gri (!'— I'r 1 c ft 

2nd and subsaquent SlialimorTar No, 2 14 Ibg 


let coat 


Grit (i*— D 


li- 


: ft 


Many of the miles hare not been reconsohdated since 1927, while tar iurf.»cing » 
renewed on an .average once every 18 months 

IVilhin about 9 miles from Lahore (where arrangements have he.n made by the 
GunloP Rubber L'omp.my for a demonstration of a pncumatjc-ly>-(.d bullock mit) it 
will be noticed that owing to the existence of Imckfieids there is . largo mcrc.vse in 
traffic of heavilj laden bullock carts These with their iron tyred wh»eis cause heavy 
wear more especially on the left hand tide of the road Owing to tins and tho other 
heav^ traffic, funds’ recentlv been allotted for increasing the width of the road from 
20' to 30' between the Shalimar Gardens (mile 506), and the Railway uaderbndge (mile 
209i) and the work is about to commence 

The short length of the heavily (raffeked one wav passages through the Railway 
ft bridge has recently been reconstructed with reinforced cement concrete (1 2 
’i) of 7' 5''-5'"7* section’nnd tar surfacing which appears to be st.vmling up very well 

// 1/ayo Honit This road which is the mam route between ^he Railw.vy ‘•fation 

Jt i,„,i”rvnromnents is subjected to very heavy traffic of all de- Tiptions with the 
and I^hoie Cantomen^^ Lullocl carts The absence of this latter iv^- of trai'ir as 
exception Grand Trunk Road is evidenced by the increased life of ihe ro.vd 

compared rrconsolidsled since 1925 but is resurfaced with tir on an 

which the epecification being the same as quoted abn-e 

average o fashionable and heavily trafficked tloroughfare of 

HI /AC '. .. of any description are allowed'to u«e it with the result 

Lahore Ao uui f-_nj necessarr to recon<olida(e it .ince its first reeoD'truction as 
that it has is resurfaced with tar on an average every second year 

long ago as ,.,i_Thn is another instance of a road which is subjected to beavr 

IV .l/i/?Wn . I, rick laden bullock cart traffic Work i« vM it to start (with 

e.vr through incom ^ tbe Reserve of the Central ‘loid Fundi 


7' wiOe coTicro).* .. ''.ntiivlr «>nBn,0 

■inoomios an 


Side of the road to which. 


The work 




i* in th. nature i 


■/ 
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experiment, and should it prove snccessfol a similar track will probah'y be provided on 
the cast side at a later date. It woold hare been preferable to adopt the same 
procedure vith regard to the widening of the Grand Trunk Road referred to above, 
but the cost is prohibitive at present being approximately four t.me8 that of a 
surfaced water bound macadam road. 

4. The whole party was then entertained to lunch by the Hon’Me Sir Josendra 
Singh, Minister o! AsricuUure who, ^ter Innch, welcomed them in the following 
speech 

Gentlemen, It gives me great pleasure to welcome you all here today and to be 
the first person to wish the Indian Roads Congress all success on the occasion of its 
first gathering I feel that the inauguration of this Congress which has brought toge- 
ther eminent engineers and public men, marks an epoch in ihe 1 istory of road 
development in India. I know, we owe it to the energy and enthusiasm of Mr. 
^lilchell that this Congress has met He and I have worked together in the Penjab 
and I know how anxious he has always been to weave a web of communications 1 
remember asking him to make a start by iudncing the District Bojtcs to begin with 
10 miles of hveha motorable demonstration rends It was not long before we had 
graders working almost in all the districts. The Buildings and Boads Branch now 
maintains good l.uchQ service rc^s, where cars can travel at least at the rate pf flO 
miles an hour. ' 

I cannot help feeling really proud that your organising Secretary hae relied on the 
principle that “'first impressions are always the best” by selecting the roads of 
this Province for your first tour of inspection. He has been travelHog throughout tw 
whole length and breadth of India and he naturally knows the state of road 
development In olber Provinces betler than I do, but if latter myself that^ be bas 
chosen us, not because be himself is a Ponjah Engineer bat because he realises that 
here indeed you will have an opportunity of seeing the results of u well considered 
and well regulated programme of road development 

"We can, with some pride, say that the Punjab has endeavonred to meet depression ^ 
overcoming it by carrying out such measures of development as its finances permittea. 
From 1926 onward we have added 1074 miles of metalled road and 563 miles of 
unmetalled road. I wish I could have added many more thousands of miles ana 
connected up every village It seems to me that if we are to underiike the opening 
out of village communications the whole road system of a district sb'iuld come under 
the Buildings and Roads Branch I am considering the possibilities of making an 
experiment in this direction. 

IVe have done something in the matter of planting road-side trees Our engineers 
are beginning to take a pride in their loads, and I am sure in a fvw years they will 
make our roads as attractive as possible There is no reason why footnaths shouM not 
run under the shade of trees and foot passengers should not use these in preference 
to the hard surface of the road. 

You Engineers are inclined, and quite naturally, to regard the >Tnmce Depaitment 
as your worst enemy, especially in times of financial stringency like the present auo 
you probably find it difiicult to impress on the man in the street that it is 
want of money that prevents you from providing the whole country with "Brooklarid 
Tracks”, but you are always, or nearly always, on a sound track if you can imbue 
your Finance Department with the Bookies* Motto that “if you want to pick 
you've got to pul it down". In this respect you will find that we have succeeded to 
some considerable extent By persuading the Finance Department to "put it 
in the shape of money for surface treatment, we have enabled them "to pick it up” lu 
e.avines on maintenance, and our only grievance is that they are reUiclant to_ sHow us 

.1 . . j development. The "pickings” 

’ ■ ■ m that the maintenance of the road 

, * ’ ' :ed from Rs. 3 056 per mile before 

■ . . • , « . irface treatment. The extent cf tms 

", ■ • . agined when I s;y that not only 

the tJrand Trunk Road has now been surfaced from end to end throughout the 
t’rovinre but out of 2,719 miles of teelalled roads we have tarred 2,123 miles and 
only 696 miUs remain to be treated which we hope to complete in less tnan 2 years. 

I say this because, with the all too short a time which you ate spending with 'i** 
eeeing only a very few aamplea, and the more suspicions of you tn»y 
think that we are showing you only the best; but I can assure yon that this is Bot 
tn* case and that the samples which yon are seeing are typical of all our toads. 
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Roid devclopmtnl needs funds and though at present tho Oori»mmenl of India 
have not recognised tlio \\x on petrol as a Prormeial excise, collecvjd at Uio Centre 
for Iho a«o of Provinces I can reasonably hope that os fminccs imprjvo, tlio flovem- 
ment of India would pass on to the Provinces tin* whole of tho revenue which motor 
•traflic yields. Our province Rives an inecme of lU. 2Q,36,0C0 as follows from rural 
'Xnotor buses and docs not include town noton: 


Central . 
Provincial 
I/)cal 

^lioCellancous 


Us. 

24,21.000 

1,51,500 

1,00,030 

1,51,600 


28.30,080 


The Hoad Fund which yielded a little over a crore m 1925 now yields IJ trores, 
showing an increase from 10 to 20 per cent. • 

lit'ith the introduction o! the Ccotrsl Hoad Fund we are all inelised to re^'aid the 
•Oovernment of India and more espectallv Mr. Kenneth Mitchell as our “Fairy 
'Godmother” but I suggest, now that yon are all together for the next few days, by 
force of numbers you will persuade him to be a bit more liberal with bis presents. 
1 suppose you know that tho 2 annas petrol tax (welcome os it n is a drop ro the 
‘Ocean eompared to the amount that the Government of India gel m naports and excise 
from the motoring public of all our Provinces We feel that far from looking a gift 
horse izi the mouth we are justified m claiming a regiment of horses (in spite of the 
'fact that horses don’t like tarred roads') the Government of India .n itf25*26 realised 
■only a revenue of 97 lakhs from excise and custom duty on petrol, now thoy net 4 
•oroies and 44 lakhs. 


As a layman I have no intention of dealing m technicalities before a gather ng of 
•experts but I would make one suggestion at the risk of offending any representative 
of foreign manufactures who may be present, and that is that m your searchmKs 
.after knowledge jou should endeavour as far as possible to concentrato on indiienous 
products of which there are many, and, avoid the employment of imported prepacations 
at the expense pf the Indian markets 


In conclusion I wish you all success on your tour and your subsequent discussion 
in Delhi and I hope that this will bo the first of a long useful senes of annual 
gatherings. 


6. Mr. Macfailane then gave the party the following brie! additional account of 
-certain aspects of roads in the Paojab 


Our object in taking yon along the Multan Road this morning was to show you an 
example of the serious problem with which we aro faced of devising some form of road 
which will cater for heavily bnck laden bullock trade. 

Our attention was recently invited to the successful treatment of the mam road 
outside the railway station at Lucknow and Sir Jogendra Singh and I made a special 
inspection of this road at tho kind invitation o( the Chief Engineer, United Provinces 

The road, which is about two miles m length, is subjected to very heavy traffic 
and in many ways resembles the rwd which you have just seen approaching the Lahore 
railway station from Amritsar Xt is a^nally 40 feet wide and when it was found 
necessary to renew the outer portions which had been subjected to very heavy wear 
and tear by bullock cart traffic they were replaced with c eme.it concrete and it u found 
that the bullock cart traffic now ngidly adheres to these tracks which are 10 feet wide 
leaving a centre of 20 feet for fast moving traffic. 

It appears that the lesser tractive mistance. combined with the lighter colour of 
<the cement, is an inducement to the bullocks to adhere to tho tracks and travel one 





behind the other in a straight line I confers I was inclined to be sceptical about this 
and to believe that the pictore which I was shown by the Cement Marketing 
Company of India as illustrating this was a fake, but our inspection definitely belied 
this 

' We, therefore, intend to follow the example of the U. P on the Multan Road, but, 
as wo have succeeded in getting a 50 per cent, grant from the Reserve Fund solely on- 
the- ground that it is an evpennicnt, the Government of India have agreed in the first 
instance to our constructing the track on one side only for the incoming tiafiic and 
seeing what happens. 

On the advice of the Chief Engineer, U. P., we are, howeser, leducing the width of 
the track to 7 feet on the ground that this is suflicient,* pionded that the bullock 
carts follow’ one another and do not svander al>out the road 

I do not propose to enter heie into the details of the construction bejond «aying 
that we propose to construct it with sit different specifications and that the question of 
sub-grade on a high made up embankment is one which requires some thought. I 
purposely refrain from going further in this not only for want of time, but because 
I see that there are several papeis on this subject which will come up for discussion in 
Delhi 

To continue with the subject of bullock carts, proposals have been considered from 
time to time for the construction of entirely separate tracks for bullock carts parallel 
to main roads on the other side of the tree avenues, but these are very expensive 
involving entirely new bridge and culvert construction 

Also it must bo realised that unless these tracks are metalled and tarred the dust 
nui'anco is likely to be even greater than it is at present, specially with a light wind 
blowing across the road, and it is doubtful whether the incensenience to traffic now 
caused by bullock carts adhering to the tarred surface u not counterbalanced by the 
dust nuisance when they travel on the berms It would be interesting to know what 
experience other provinces have in this respect 

On our way into Lahoi-e this morning we saw examples of pneumatic tyred bullock 
carts. I am sure you will agree with me that their universal adoption would solve one 
of our most diflicult problems. 

The Lahore Mall is an excellent example of a road which is confined to rubber 
^red traffic and which in consequence has no*, been remetalled for nearly 20 years 
Unfortunately I personally can see no way in which bullock cart owners can be induced 
to use rubber tyros unless perhaps the larger municipalities can be persuaded to 
encourage their u«e by inflicting a heavy wheel tax on carts which have not got them. 

In the small descriptive pamphlet which will be handled round before your tour 
on December 8, I have referred briefly to the waviness of the Lyallpur Road between 
Buckcki and Shahdara.* This is an interesting feature to which I would invite the 
special attention of the members. 

Before the introdiirtion of surface treatment, roads were reconsolidated every 4 or 
5 ye.ars depending on the rate at which they wore out. It followed, therefore, that 
there was a natural tendency for the road crust to increase in thickness as the years 
went on, but even where the surface has been scarified any unevenness due to previous 
settlement of the sub grade has been corrected with new consolidation 
t 

Now, however, once a new load has been constructed and treated with tar or any 
ither surface treatment, it is seldom, if ever, iccousolidated Any settlement in the 
sub-grade due to subsequent traflic or any other cause, therefore, remains a® ^ 
permanency which it is impossible to cure without entire reconstruction. 

The section to which 1 have jnst referred is a notable example of this and I am not 
it all sure that one of the remedies does not lie in constructing the brick soling coat 
as far ahead as possible and allowing the traffic to pass over it for a year or so before 
the wearing coat is added — at any rate m cases where the traffic is not excessive 

\Vo have in the Punjab experience of certain ca«es where work has been stopped 
on account of fin.aticial stringency aher soling coat only has been completed. 
there arc 3 miles of brick rolmg coat near Hartkc vsbich has been done since 1930 and 
seilh the protection of a light layer of earth has shown practically no signs of we.sring. 


'Ti'le para. 16 on pago 2SI. 
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On t>i<* other hand, in n eimi1.tr cate in lh« Sontliem Piinj-th hetwopn IIi««tr antT 
6ir«a where the rolinp cotl htt hern open to trafllc «nce IIW it h.tt worn tery un- 
evenly and verj' hadly under fairly heaty lorry trafllc and it is now a matter of urgent 
nece«»ilr to fmi«h off the wearing coat otherwise the i>o1ing coat will ha\c to he cntwlr 
replaced. ^ 

One Item of general interest to which I would like to inviU your attention is that 
of our efforts to cater for the convenience of the motoring puMic with regard to mile- 
stones, direction po«ts and so on and, oltliongh some of the engineers here present m.ay 
base nothing to learn from these eflorts, 1 hope I may he eveused for refernne to 
them. 

In the first place we ln\c earned the gratitude of the motoring public in recent 
years by turning all our milestones at right angles to tlie road, with distances marked 
clearly on l«th sides Oripinallj, these milestones were parallel to the direction of the 
road and although thej were of use in old days when travelling m a tonga they were 
verj- difTicult to distinguish from a fast travelling car and it was niiito impossible to 
do so at night ' 


I well remember the intense boredom not many years ago of doing a 100 mile drive 
at night without basing the famte.l ide.a where I was and being reduced to stopping 
everj- now and again to turn mj he.ad-hghls on to a milestone ^ 

"iou probably all know the old chestnut about the man who asked the speed 
merchant who was driving him why he was being taken through a gravejard and 
received the reply . Those aren’t tombstones they are milestones Wellf we cater for 
that type of driver by having especially large triangular milestones esery 10 miles. 
Then, apin, opportunity has been taken of utilising empty tar barrels as parapets on 
•’r" 'Whitewashed and are visible from a considerable ^stance 
with the head lights of a car and have been very mvtnimental m reduang accidents 
The roads in our province are monotonously straight and drivers are often apt to eet 
ato^sy tv,o in the daylira. ind «r« caugf.1 nappins prh.n .fi.r , long and .Ir.ifht 
Stretch the road suddenly takes a bend ” 


1 can rememfier that before tar barrels were available, I personally started the 
practice of whitewashing the dress on the outer side of the curves and was under the 
impresMon that the idea was entirely my own, but shortly afterwards when tourme 
in France I found that this was the regular procedure along the routes notiona/e ^ 


As regards direction posts, we have our own standard design of concrete post and 
signs, but we have recently made an arrangement with the A A X 1 who are 
displaying considerable activity them«elves in this direction A standard design has 
recently been drawn up, embodjing our own concrete posts with the yellow enamel 
metalled sign boards supplied bv them They contribute to the cost of erection of 
these posts, the maintenance of which remains with us 


. Their activities are of course mainly confined to the principal towns, but they are 
given the option of combining with us in the arrangement when anj new sign-posts 
are to be erected Experience has shown that the standard design still leaves a certain 
amount to be desired and as the arrancenienl has only just recently come into force 
members will not have had much opportunity of seeing the results on the route which 
they have hitherto traversed I should greatly appreciate any advice on the subject. 

We have had difiicuUv in the past with 'kacha* and unsightly sign posts erected 
along our roads by local bodie- and ne have found that the only 'satisfactory solution 
is to take the law into our own hands and remove them and replace them with our 
own design. 

A certain amount has been done with tvflex signs for night traffic but these are 
of course very expensive Moreover, as they have to be fixed at a low level to show 
off with a car head lights thev h.ave become disfigured by malicious people and in some 
cases the lenses have been stolen 

After crossing the Eavi Bridge this afternoon a large signpost will be seen at 
Shahadra which was spcctalh designed by the Superintending Architect and which 
is electrically lit at night 


I would like to close bv repeating what Sir Jogendra Singh has said about the 
pleasure which vour M*it is giving us and the pnde that we feel that our province 
has been the firet to be selected for your m«pe<^ion We are. I think, jnstlv proud 
of our 2 700 odd mile< of rretalled road* and of the fact that £5 per cent of their 
length is surfaced. At the same time we «altse tliat we have still a lot to learn and 
it IS for this reason, amongst ether*, that we appreciate your vi-ii and will gladlv 
welcome in the course of our sub*eqoent informal meetings any critiei.-n or advw 
which any of you will kindly give. 
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6. Hi. 0. H. Tuelon, Cbiel Eagiaeer, Sarma, proposed a vote ol than^ oa beliall 
«I the members to Sir Jo^endra Singh and Ut. Mactarlane in the following terms : — 

Genthmcn, As one of the representatives of the most distant Province of the 
Inaian Empire, and one that is likely shortly to cnt adrift from that Empire, I have 
been given the privilege of proposing a vote of thanks to our most kind and thoughtful 
host the Hon’ble Mimater foe Agncultnre Sir Jogendra Singh for the way in which 
he has attended to our intellectual and physical well being. 

When in April 1933 I was sent to the Road — Rail Conference at Simla I had the 
pleasure of listcniijg to Sir Jogendra Sii^h’s eloquent speeches made in the interests 
oi the Government he serves ro well. One could not listen to those speeches ivitbont 
hecoming decjily interested in all that was being done in the matter of developing 
<ommnnicatiou5 in the Punjab. 

I never expected however that I should one day have the opportunity of seeing for 
myself the riork^ of the Punjab Engineers about which I had heard so much. 

I must own that when the proposal to hold an All-India Road Congress was first 
anggeslsd we 5u Burma were inclined to think that the conditions in that Province 
would make it impossible for delegates from Burma to attend. However thanks to 
the genius of that Master of Co-operation and Co-ordination, Mr. K. G. Mitchell, the 
rtifficulty has been overcome by the Central Government coming to the rescue of the 
Provincial Governments in the matter of providing funds to cover the cost of the 
T. A. of (he official delegates. 

It is in consequence of this that I now find myself proposing our most gratefnl 
thanks to our kind host the Hon’ble Minister for the cormal manner in which he has 
entertained us and to Mr. Macfarlane and bis Staff for the tronble which they have 
taken in showing us so much of the road work in the Province. 


The health of Sir Jogendra Singh was drunk with musical honours. 


7. .\t Aoout 2-30 p.M. the party left Lahore for Katbala and arrived there between 
4 and 6 p u Bai Bahadur Sant mm. Superintending Engineer and Mr. B. L. SondM 
Executive Engineer, accompanied the party up to Kathala. The special tram left 
Kathala during the night. The following information was furnished in respect of this 
section of the G. T. road. 

IVcDifESDAv ArrERNooM, DrcEiiBni Tnr 5tK. 

Gfond Ttiifil- lioad,~^LaftoTe to Kathala.— At mile 0 opposite the Government 
College Inhere several roads meet an experiment U being made with an island platform 
to regulate the traffic. The proposed platform has so far been delineated with tar 
barrels only wit’i u view to watching the effects. The Punjab Government has under 
consideration a pioposal for the erectioa of such island platforms elsewhere in Lahore 
rid other centres with a view to reducing the number of constables on point-duty. 

After passing the now Lady Willingdon Maternity’ Hospital and the Fort (on the 
right) and the Chota Ravi, a separate water bound macadam road will be seen on 
the left for buUock-cart and animal trafEc. From the end of the track to the Ravi 
bridge tho cattle traffic is, at times, extremely heavy, 

_ The Rive? Ravi is crossed by a road bridge shortly after leaving Lahore. The 
width of this bridge between wbeclguards Is IS* only and is far too narrow for Iho 
congested traffic; but unfortunately tbc design of the main girders does not pc^** 
of furtlier widening. The bridge was constructed in 1914-15 and nplaced an old boat 
bridge further down stream It consists of a water bound tar-surfaced road on iron 
troughmg supported on 97' span lattice girders, the piers being supported on single 
octagonal brick wells sank to an average depth of 70' below bed level. ‘ 

After paisirg Shahdara (with Jehangir’e tomb in tbo distance on the right) the road 
IS reduced la its normal width of 12 feet. It consists throughont of water hoond stone 
macadam wiili Lar surfacing. In certain isolated lengths experiments have been made 
with cmuf'ions but no conclusive resolta have been drawn. Tho tar surfacing is 
renewed on an average about once every 18 months. 

The traffic on the 40 mile stretch between Lahore and Gn;ranwala is very Intense 
Teaching aa much na 350 tons per yard width per day in tho vicinity of Gnjranwala 



The Mil in many portions of this section is verj sandy and impregnated with 
-saltpetre, i.ons'dcrable difliculty is, therefore, experienced in maintaining the bcrnit 
in a satisfactory condition. Tins is particularly evident between miles lo and 20 in 
the neig!il)ourhoc«d of Muridke where the sudden drop from tho irctalled edge to the 
level of ;Vb l<rm is considerable and is a sourco of danger to fast moving traflle. 
Successful experiments h.avc been made in miles 63 and 64 by providing a layer of good 
firm earth watered and rolled, but the cost is too high to enable this procedure to be 
followed throughout tho entire length of the road 

The metalled surface m tho last forlong of mile 43 has been provided with brick 
■edging to give a uniform appearance. This costs abont Its. 400 per mile and the 
practice iS being continued in cases of new constmction elsewhere. 

The road bridge across the Chenab Itiver is met in mile 65, ie, shortly after 
passing Waarabad Tina bridge was completed in 1022 and replaced tho old train 
ierry Its consfioetion marked the completion of through bridged communication 
between Delhi and Attock The width between wheel guards is 22 feet and the traffic 
lacihties oCerel by the additional width of 4 feet to that of the Ravi Brid-’e is very 
noticeable. The roadway consists of prcc.ast reinforced concrete slabs 6 feet^m length 
resting direct on cantilevered rolled steel beams supported on lattice girders 142' c to 
c. The purs are supported on single circular brick wells sunk lo an average death of 
•90' below Lea lea el. “ ^ 


0. The party arrived at Attock atation at abont 9 15 where ‘hey were met by Mr 
■W. T. Everall, Deputy Chief Engineer, Bridges, Mr A. S Hay, Executive Engineer! 
Bridges, and Hr W. E Gelson, Assistant Bridge Engineer, M. W. Rly ; and also 
liy the follpwirg officers of the North West Frostier Province ; 


Mr. F. H, Burkitt, Chief Engineer. 

Mr, A. Orrjn, Superintending Engineer 

Mr, G A M. Brown, Superintending Engineer. 

Capt. Lang Anderson, R. £. 

Capt. J. R L Owen, R. E. 

Capt Robinson, R £ , and 

Rai Sahib L Kirpa Ram, Assistant Engineer 


Mr. Everall very kindly explained to the party the reconstruction and regirdertng of 
the Attock Bridge, with the assistance of a m<^el and photographs, as follows : 

“The reconstruction of the Bridge was undertaken during 1925 — 29. The origmal 
bridge was designed by the late Sir Cnilford Molesworth and was completed in 1863. 
The photogiaph [not printed] showe the etrocture as it was prior to 1925. The bridge 
wae supported on steel trestle piers founded on the bed rock and on niaaonry abutments. 
Massive masonrj cutwaters were provided on the upstream aide of the trestles to 
protect them from floating debris dunng the periods of high water The photographs 
on the board show in a general way how the original bridge was erected I'he three 
•250 feet Uiil spans were built from direct staging and the two 310 feet river spans 
were erected on timber fan staging using the weight of the adjacent land spans for 

vounterbalauce 


Railway and Road traffic had so increased by 1921 that the steelwork was already 
overstressed under the comparatively light trams then in use and could not safely deal 
with modern main line traffic Reconstmction of the bridge was therefore taken in 
hand towards the end of 1925 and was completed in tho antnmn of 1929. The streng 
thening scheme consisted of the replacement of the two river epans bv new steel mam 
eirders erec+ed outside the old ones and supported on concrete piers bud; ud round 
the old trestle*. The girders are spaced at 28 feet centres and the ele.-i-ancos are snch 
-tPat a Joub’e track can be provided at a fntore date by duplicating the girders and 
rearraneiR'’ the r.^dway flooring system For the three 250 feet spans the old main 
eirders were converted to continuous prders by the erection of a central pirr at each 
span, reinforcing the members where neees*ary. and remodellinc the floor sj-st»m to suit 
the new loading. 

I nro-m** to describe the foundation and pier work first The con*»metioa of the 
‘oundati^is for the pier in midstream which rets on a partly submerged idsnd pm- 
^“nted the most difficult connected with the snb structure work. It wa, 
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by fir't constructing a <ofIerdam of steel sheet piling on the submerged 

portion of th'* island. Soundings revealed that no lateral support coaid he obtained 
fcr these piles fiom the rock bed as the rock profile is extremely irregular. An inner 
and an cute*- shell of piles divided into chambers filled with cement concrete was 
therefore used and a system of steel framing served as a guide anj lateral support for 
the inner ron of piles. This fr.-une was bolted to a plate girder 54 ft long which was 
connected to 4 anchors deeply embedded in concicte ^Vlllle these sheet piles were being 
dnven. excavation for a large part of the foundation of the pier .vas proceeding It 
was considc''‘’d that to attempt to excavate the whole area of the fonnclation simul- 
taneously might lead to the sudden collapse of the coffer-dam which, when foundation 
level had licen attained, would he subjected to a pressnre head of 8 to 9 ft. of water. 
The excavation wax therefore carried on in 6 ft strips working from the outside 
towards the centre of the pier. Alternate strips were excavated, and a chamber at tbe 
end of each strip was provided with a pair of vertical grooves «o that, should any serious 
leakage ricenr thiongh the coffer-dam. a shatter could be let dovm into them and plugged 
Two large centrifugal pumps were used to test the coffer-dam for watertightness, and 
after cerf.-iin subterranean channels had been plugged with concref'* the cam was 
dewatered and the cement concrete was placed wp to the level of the pi^r base Features 
of this woik H’-c shown in the model. 

Cement ot Indian manufacture which complied with the British Standa^'d specifica- 
tion was used throughonf the work Sand was obtained from Lawrenc^pur, 21 miles 
from Altock, <i« (he local sand is unsiutahle On .iccoant of the l.fge quantities of 
snnd. shingla and broken stone required for the work, cbntes were erected at e.ich end 
of the bridge The aggregates were loaded in hopper trucks, and full train loads were 
conveyed to the bridge site and unloaded through these chutes which were_«o designed 
that hv nia'’iDuUtion of trap doors sand and coarse aggregate coold be discharged in 
reparate heaps Crmcnt in bags wa« also dealt with by chutes in drv weather. 'Ibe 
evenv.alion tot the piers was c.arried down well into the bed rock and this nas nUed 
with 1 *2^ ':5 cement concrete with 15 per cent of boulder plums The fcmnd-atioas 
for the thrie new intermediate piers built nnder the centre of the thiee shorter spans 
and those for the 2nd and 4th main piers presented no diflieulty The pier supers- 
tructures nre hn>'t uith an outer skin of precast cement roncrete Meeks in ore ton 
units mads at site in special blockyards on both river banks witli a hearting of li a: 
6 miss concrete centaining thirty per cent of boulder plums Temporary jib cranes 
attached to the girder end po«ts and worked hr pneumatic power were n«ed for hoisting 
miterials for niei construction 

Hegaraing tho steelwork — the three shorter spans were converted into contiimous 
firders, the central re-action being settled nnd adjusted experimeiitallj by means oi 
Calibrated Ifydtruhc Jacks and the new central hearings were set nr such an elevation 
that the total shear due to dead load, live and impact was redistributed so as to 
minimise the r.tc£«i«ary stiffening of the web members towards the ends of ‘he 
which weie supported by direct staging of standard interchangeable type during _tn* 
time the inaiii gs'ders were Iwing remodelled Only the rail flooring system requireo 
strpngtheni'ig o-i these spans which was done by reinforcing the existing cross girders 
and replacing the rail bearers 

Hrerthn of tuc vrtu SOO ft river span* by cantifci'enny encA half fpan — The ar^or 
arm* for canii]e\oiing the shore ends of each span were p^o^idc■^ by the adjacent Ian 
spans. The other ends w-ere erected from tbe Wand pier so that one half balanced the 
o‘her during ejection Temporary connections between adj'acent '•pans were made b? 
s{eel^^o^k specirlK dc«igned and fabricated to be immediately available for new , 
railway ond'!'* span* on completion of the Attock steelwork erection. Two speci4 
bridge er'efinr crane* operating from the r.ailw.ay track on the Jd girders were I’sc 
for I'UiIling tltc lantilever*, which were erected, connected at mid «pan and converts 
to simple before the old work wa* interfered with The complete mun "pa" 

in the model <liow« the old ‘pan «tin in place ireide the new «triiefure 

TTaving rearhed the «lagr when the new main girders and cro»* girder* had been 
■ ••embled. the wciglit of the old «pan« sea* tran*ferred bv jack* to the new 
and the old rail lipare-* were replaced bv new one* The old steelwork wa* tn 
enl into con'fnient length*, when top boom* and web were removeil. 

onlv the old iMiltom boom* and old roadw.ay. All this work wa* done under tratii 
during reslrietod period* when the bridge wa* blocked for the pa*«ago of tram*. 

T will rn— do'erihe how the new highway floor was erected cn the inah 
span* Owing to the anfumr of road traffic it wa* po««i!iIe to Mock the road on t 



bndcp for onU 5 con^rcntne Imur* iliinni: c|i\1ic)it, and tin* wa« fl.'Mi-n In 

PMncidc Viilh tlio loiijovl, lil^ki.cTKvl for ratltraffc A Krnrrai ftrMn;:rf,ri,l i{ th- 
for tli" liiirbwaj flixir i« ^^lionii on tlir trantir Two rlJo^a^<' jUfl 

Tam[.« witli .nid tinil' r .J.<k«nR w«i. rrrclnl on tl.- rlri In^'lmay * ir tl " 

phnd jn-r dunr- tlir nich', "I'"* tho l.nilsc is to rm.l (rairio. ’ Kac*! lower 

chord if llip oU' into fi\c rertions lij ctiUtnj d*jI tl <• ii\et« in four 

mam joint*, sonir of tin* liolr< brinR rerillM l.v serur.* l«iHs rii<* r.iniji on rno tmin 
Jpnti wa* rolled lncl: ilurin;: the fii't road Mork f.ar to ili>i tlio firi>t sortioii 

of old roadwaj wliieh then freed from tlie ad]ac«.tit Rrmniir T«i> 25 Inn Cranes 
lifted the fir'l section of old floor to tlie le\el of the teiin»otjry raiiip* The new road 
strmcers ■\e<'e *1 en akidded laterally into their final poM(ion on ntir road (Tn*a frarr.oi 
under ’he olii roadwaj. .and the weis;!)! of the raised secimn of eld roadwav was 
tranafcrreil to them ha temporary |>aekm;;« The li.andraitin;; and wheet'-uardj avere 
then nia le Raxl to pas« traffic until tha next hloek, when ft similar section of the other 
main span i.aa dealt with in the same wax The road troughinf; i.as »liil mto position 
from lautsile, and the eoncretinj; was earned out nnder the old work. Tbs old roadway 
ra« then finally rtmored in sections Uie ramps being rolled towards each other and 
fii.ally neeting acain orer the island pier 


The I'oacretc roadw.ar was made up in sections 6 feet in length nnj llic full width 
of the -oadnay, th» joint between adjacent sections being filled with iralthoid fabric. 
It was foatij nece*«ary to limit the length of the concrete j»ctions owing to the 
tension and djuamic effect* set up by the l>oltom chords due to j’assng trams 


Tins IS ft matte' of some interest for bridges carrying combine'I loads and where 
the roadway .s su<pen<led from the bottom chords, because, if the concrete is made 
in *ections cf too gre.at a leneih, we haa-c found that tlic concrete inranably cracks, 
and there is an example of this in the flooring of the first span where we started c3 
a ith the >,tabs of a considerable length axitli (he result that concrete sections are badly 
(racked, hut eftei reducing the lengths to a matter of some 6 ft to suit the centres 
of the existing cro^s girder*, no further trouble wa< ••xpenenced 

Thu concrete surfacing is of 1 2-4 proportion It was raised in 1/2 yard Kansome 
Air Driv*ii maebire* erected on temporary platforms above the piers Xlio concrete was 
(onveiecl and d<po<ited by hand and cured for 14 days 

FLOODS — In the latter part of the summer of 1928 , when the service atagins was 
completely erected under the 25 ? ft spans, the great Shyok dam glacier, situated in 
vhe Karakoram large of hills, some 6Cfcl milvs from Attock, was nported as being in 
imminent danger ot bursting and it w.x* expected that the release of the pent-up 
water would gix e a ri*o of 30 feet at the Attock Bridge ^ 

The staging under tho 257 ft spans of the Inidgu was therefoie dismantled in July. 
High floods did not howexer occur that sea*on, but it was realized that the dam 
would proo.ib'y fs. I during the following summer, and the work xvas arranged xvith tho 
object of completing the whole of the girderwork during the low-water season between 
October ?nd April .and remoMng all the ’faging and erection gear out of the danger 
zone, before the nxei beg-m to n*e The *teelxrork for the new 304 foot spans arrived 
at site 'n Oetohn and N'oxember. and the mam steelwork was elected and riveted 
and the erection gear and t^poiarv stnicturc xxere removed from the flood area zone 
before ilie end oI JIarcli 1929 


The gliciei d.m broke during .AnguM 1929 It was approximately 4,000 feet long 
and 490 feet Inch, and had formed a lake 12 to 14 miM long and ranging from 1 to 3 
nilc* wid2 Til'-' Hood reached Attock m the early morning of tlie lEih August and 
ro*e to a bright o’dv Cj feet i-elow the ^\ioas maximuru iccfirded !e\el of the 
29th 7ulv. 1S32, with a di^charp of 8tl.^ cn*ccs and a mian xelocitv of 16 feet 
per second On the 2oth and 29th Aogn«t floods in the Imlns valley svnrnronizcd with 
food* in ibz Kahu' xnd Haro rivers with the remit that at Attock (he water lose 
41 feet aiiove tie ordinary monsoon level and 61 feet alwve the >ow winter lev-l- this 
1* 6 fret abixe am previoa-lx reeorded height During the pen->d of maximum dis- 
charge txith tlr H*ro and the babul river* were aLo in high food and coiriderahlo 
heading up cf th. ixater oeciirrrd in the gorge, as the TTaro rive, runs in lower down 
The Fxecutire Fncmeer of the Di.ehirge Divi.ion nf the Pn,i,ah Irngaiion Depart- 
ment e.ti-nated thai. when the river wa* m-nirg at it* maximum on the 2?(h An-mst, 
the di«chargJ wa* 817 009 cn«»c*- «« Average velocity cf 13 2 f-.t per second Tl.e 

afllux It ritrs Xos 2 and 3 xo* 5 feet 
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Whilo tha river was in high flood, the bridge was being tested by trains running 
■up to 40 miles per hour. The contour of the nose of the piers causing an afilux of 5 
feet proved verj successful in deflecting large floating timbers, which scarcely came 
in contact with the piers. 

An ihiiormal flood in the Indus took place in June, 1841. Captain Mackesen, then 
Political Ofllcei at Peshawar, reported that rumours were prevalent that the course 
of the Indus in the mountains in the regions of Nanga Parbat had been intermpted 
by s landslide; and, although the discharge was abnormally low, little credit was 
attached to the rumours However, between the 10th and 12th June of that year, the 
river broke through and a lake 40 miles in length, 1,000 feet deep, and several miles 
in width was released in 48 hours. All the country near the Attock gorge, to 40 miles 
away and within 10 miles of Peshawar, was ovcrflooded, and the river was reported 
"to have risen 80 feet in the Attock gorge. Many towns and villages were completely 
Fwept away, and there was a heavy loss of life 

The entire work was carried out by the Bridge Branch of the JTorth Western Rail- 
way and the Executive Engineers in charge were Mr. T. Bingham, from commence- 
ment until March, 1928 and from that period until the completion of the bridge m 
August 1929, Ml A. S Hay who is with us to day Mr. Gelson, who is also here, 
■was the engineer in-charge of the erection of the steelwork. 

A word about the cost of the work, which totalled nearly Es. 25-00 laths, divided 
•as follows 


Lakhs. 

Pier work ..... .... 10*25 

Girder work .... ..... 11 00 

Tools and Plant 1 75 

General charges . . . . . . . . . I’OO 

The total cost was slightly in excess of the original estimate. 

A few copi>‘S of my paper No. 4767 which was reid before tte Institution cf the 
Cml Engineers (London) on the leconstruction of the hndge, are available with me 
for distribution if any members care to have them ’’ 

9. After Mr Everall’s lecture the party went (town the river bed and inspected the 
concrete work and foundations of the bridge, before leaving Attock notes and 
randa on the roads to be visited and the points of interest to be noted m the North- 
West Frontier were given to all members. These are reproduced at Appendix AI. 

10 The party left Attock at 10-15 a.m- .md after stopping at Khora, whero_ the 
Sappers and Miners were J.iunching a “Meccano” span as part of their training, 
examined various points of interest referred to in the cotes. 

11 The pneumatic tyred and iron tyred experimental tracks in mile 267 
most interesting. Two identical tracks had been consolidate^ and on one 
were two iron tyred bullock carta each 2,500 lbs. of stone and on the other 
two rubber tyied bullock carts carrying each 5,000 lbs. of stone. The latter appearc 
to travel faster and with less effort The track under rubber tjTes appeared to be 
undamaged but the other had been badly worn. 

12. In the afternoon the p.irty tiavellcd tin the Adozai Budge to the Gandab 
end back returning tio the Mtdim Road tWe items 2, 3 and 4 of Appendix AI. 

13 Retiirnirg to Peshawar at about 5 30 tho whole parly then attended a lecture 
at the Peshawar Club by Lt -Col Wakcly describing the road up the Khyber 
After Col. Wnkrij’s lecture, Mr. Powell. Chief Engineer, Bihar and Orissa, 

Col. Wakcly for his lecture and the remarkable arrangements made for the whole 
party both on the road and at the railway station. 

14. On the following day the parlv left Pjshawar in the morning and 
the roads op tho IGijber Pass whic6 were explained by Col. Wakely. They •* 


in*pfrtfd vtic roid I uiUirr uti'I c^-mrrcMrr dfKr.l-rJ In ilcir. 7 cf Aj'pfndix AT. On 
tne rclnrn llirj IJin foil ttil fxpcnrornls at GaiM II*s«aa 

(item B, Appendix AT) nnl after te^in;: II. e pUrl €le«crllicd in item 9 onJ certain 
earth road« m the l(xalil<. trlurniiT lo I’ciliawat. 

I T5 The rpeciil train left re«l xwor on llie exening of the 7th and oriivcd at 

I Lyallpur at 9 20 am cn llecrmlxr lie E*l» Mliera llie party nas met bp Sardai 

Bahadur GaibukO. S neh. Siiprnnlei.il ne rrcinr^x, and Mr 'll A. l^lrn^ Execu- 
tive Enpnrer, LjalJpiir. Tl»» pxrtx prr>ceeil/vl in car* from Laallpur lo tho Jaran- 
wala A/ondi and thence along the Lxallpur I^hofc llo.ad lo Lahore, the following 
description of the roid having been sivneii to members in adianco. 

LyaUpMT.lahort /?oorf.— This road is of particulsr interict as it a^ords several 
V *^*r^tture from the u*ual specification of tar-surfaced ^ater bound macadam 
vrtu^ has been idopted throurhoat the province Details of the various types of 
road are given below 


Miles. 

Soling. 

Wearing Coat 

Last date 
of Con- 
solidation. 

Average interval 
of 

resurfacing. 

85—66 

Sangla Hill 
Stone. 

Water bound limestone 

v« ith tar surfacing. 

1930-31 

11—2 year*. 

65—46 

4J* brick 

Ditto ditto 

192S-SI 

1—1} years. 

45 


Limestone with tar and 

1 pitch grouting. 

1928 

J}— 2 years.* 

44 

.. 

Drick ballast xnth tar and 
pitch grouting. 

1028 

2 years (last 8ur> 
faced in October- 
1932}. 

43 — 39 


Water bound limestone 
with tar surfacing. 

1928 

Ditto. 

38—23 


31 Drtck ballast with bitu- 
men penetration. 

1927 

Re<tupfaced in 

1932 and 1033 
only.f 

22—7 


Water bound limestone 
with tar surfacing 

1928-29 

One year. 


The portion between Bucfaehi (mile 50) and Bhabdara (mile 5} was oiigioally 
constiacted to its present specification between 1937 and 19® It will be noticed, 
more especially when travelling at high speed, that the snrface is distinctly waved. 
This is due to some extent to the fact that the sub-grade has settled unevenly, 
there being no means of rectifying this defect with subsequent consolidation as hu 
been possible in the past on other rovds where water bound macadam has been replaced 
with fresh consolidation 

16 Kear the JaranwaU .Vondi tb» party inspected about half a mile of concrete 
trackways laid cn earth road which were of considerable interest vide Appendix 
All. 


17 The party arrived in Lahore in time for Inneb and the official portion of the 
♦nnr then concluded, the members being free in the afternoon. The special train, 
left Lahore at 10 r.M arrived in Delhi on the morning of Sunday, the 9th. 

December. 


* Cost about Bs. l.OOO per nu'e more than tar aurraced water bound maeadam, 
7 Cost about Its 2.000 per mile mUte than tar surfaced water bound naeadani. 
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APPENDIX A-I. 

INDIAN BOADS CONGRESS 1934— TOUR OF INSPECTION IN THE NORTH 
UTST FRONTIER PROVINCE. 

Item 1. — GntNn TnrsK Rotn 

There is nothing of special interest to note along this stretch of the road. Generally 
it is in a satisfactoiy condition with a good motoring surface. 

Ifi'd/A. — After the Punjab section on the other side of Attock Bridge it will be 
•noticed that the width h.as been increased fiom 12 feet to 16 feet. This is an improve 
incnl fioni every point of view. There is- a gre.iter sense of security whiie drmng 
and the intensity of traffic lending is decrea<ed The hatter is an important point ns 
it has been experienced on the Nowslicra-Jiardan road that while the part which is 
16 feet vide is in good condition that which is 12 feet wide is a constant source of 
Irouble. 

Surfa'^tng — 10 miles of the al>o\c stretch of the Grand Trunk Road haae been 
surfaced with 3" premi.x tar mats, the remaining 11 being water bound macadam with 
tar surface painting Mo't of the mat* were laid in 1932-53 and are therefore 2 sears 
old and it is hoped will not need renewal for some year* Very little patch repainng 
has been needed on these miles 

The other miles were mostly remetallcd (and widened at the same time) in 1930, 1931 
and 1932 and tar surhiccd. On an aierage they are 3 je.u« old. They hasc iieided 
^ccasion.al patch repairing and on an average hase been resurfaced with tar exery 2 
years 

7'rni?ie.~The intensity of traffic xanes from 150 tons to 550 ton* per yard width 
per da\. 

Nowsbera lo Peshawar. 


— Here the tr.ifRc intensity increases to 350 tons and up to ncaily 1,000 tons 
per jard xndth per rule (for 2 miles or so near Pe*l»awar). 

Gciiernf.— The surface on tin* stretch does not comjmrc with the stretch just pa««ed 
over It is genorallj uuexen, but effoits arc lieing and have been made to improxe 
till* The n«e of straight edge*, in addition to cam!>cr form* is producing better result*, 
and the imrkutg of pools of water after lom li.is aKo been re»cirted to with success. 

Very heaxy bullock cart tr.xfiic is expciicticed. Notices ha\e existed for years 
stating tint the maxuiuim lo.ad is 25 mann<l», but loads up to 65 maund* per bullock 
■cart are frequent The notice* aie not apnaiently legally cufoi'cexhle and it ha* been 
(ugpc'tcd tint the Local Goxeinmeiit should legislate m cidtr to saxe the road* *uch 
Jill excc*<uc burden The following are items of uitcre«t and halts at the«e points are 
j>ropo«ed 

(1) Expenmtntal vork on s.iifes ^59, an<l SCO near Pafiln ullage. 


Isl half .Mile 239 

2iiil 1ml( Mile 259 


(1) 3* prcinix tor mat on 
*cnriSod nnd regarded I 

sabgrndf*. I 

I ComplotC'l 

(2) Wntor bound macadam h ScptomlnT 

xvith tor eurfncinU I i034 
fuiintinc. I 


Mi’o 2C0 


(3) If' promK tar mat. J 


(2) I nnimatif Ti/rt'l am! Iron Tyrnl liullorl Carl trprrimtnlal trafi) .\!ilt 
The object is to obtain comparalixc data on the eIT«ft of bullock cart traffic on road 
surface* 1 he i'o*«ibi1it> of a »ub*id\ to a**i*t bullotk c.irt owners to fit pneumatic 
t) ri < IS UTidi r loiiMdcntion. It may Ihs noted that the section carry itig iron tyred carts 
IroKc up mpidly and had to W rcintred while the pneumatic txrcd section is intact. 
Experiment start..! Oib OctoWr 1934 
(31 of 4- 

PmaiT Tor Corprt Mtlr 27*. 

Mat laid in 1033 (.luno) Water not «*ed during coti'blid.ition Ha* rutted badly 
and ruts li.aae U-.-n reinired Without much sucee««. It i* quc.stionable xahetlier thick 
mat*, prcmixej with tar, are a successful proiHisition The proxirion of side support 
IS probably rx.entia! * * 
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(4) rn<f Kitjnrinn /«l»f ot tn\U i'J 

For ffimo lime Imullr Ik^h rij-entnml on t!iiii mile which carrier heivily 
loado<) l.ullock catl« in ^enl Urjre mini1>ir#. Vanoa< »f*ecific.ation« ha%e hecn tried 
Without »iicce'« lliitline ntid j^'l holinp ln« imariilily resulted within 6 months Jt 
was itatrd that the (oundation wft' on made pround nnd subject to water loppinp due 
to the clo'c proximity of surface watir. The water surface of n well close by is at 
l»a«t 8 feel Wlow ihe founditinn of the road Trial pits were dop throuph the road 
and 18 inches of cniu-rete hi e water l>onnil macadam on 3' of shingle were found. 
There are po soling stones Howexer 18” of water I'ound macadam should make an 
■aatellent loondation lor any road Here the proposed work, now in hand, is . — 

(1) Widening from 16 feet to 30 feet 

(2) Proxnling kerb stones to pixe side support 

(J) Hcmoxal of old carpet, scanfxmg lightly the sub-grade and reconsolidalmg 
with 4j” of new metal. 

(4) Surfacing with an armour soai of J' clnppinps premued with Bitumuls. 

(a) J /uffony* r>i concrrfr AWd, irit/i J* eAip/iiny< ptemutd uafA liitumuh. 

The concrete heje was laid in 1933 as .an eapenment The method was that of 

the drx' mix m place and xxatenng and consolidating This method obviously 
Quires knowVdge and experience and. in on> case, appears to be of very doubtful 
•di-antage It has not been a suecc‘«, Inaxing pot holed badly The new surfacing 
“hnsts of U furlongs of Cobs and IJ furlongs of tar premised i" mats The Colas 
teing on the first half of the sistion The object is to compare Colas xnth tar 

Herrni — >Tlie pohev followed is to attempt to make the berms safe for motoring m 
all weathers and as far as possible dust prooi Shingling and the use of scarified metal 
is resorted to whenexer po««ib!e • 

I?«corrfs — A system of records has been started this xear in which the actual costa 
of special repairs’and the average costs of mauitemnce of each mile are inserted on the 
completion of work and at the end of the financial jear, lespectively. 

Costs 

Grand Tmn^ Hoad unUi {li indf^ of Ihe meat htavxli/ loaded road m tfte 

I'roiinee) 

From records axailable the following figwies are interesting — 

(a) Special Hepairs, 7?enie/o//»ny and /.’ejt/r/«reinj 

(i) 3 tears (1925 to 19281 before tarnng was started . Rs. 2,850 per mile per year. 

(ii) 4 jeiTs (1930 to 1934) after the transition pciiod (1928 to 19301 from water 

bound mac.iduiii to tailing and after xvideniag 12' to 16'. Es. 2,400 per 
Ttiile pel year 

(“0 maintenance axeraged Rs 700 per mile per jear, for whole period 

(ix) The ixpeiuliturc this ytai (1934 35) ou 47 miles Attack to Peshawar will 
amount to — 

Sp'ciaf J?<poirs— Rs 82,800, or Rs 1,760 per mile 

,l/ain(enanee. — Rs 19,200, or Rs 410 per mile. 

Total Eepairt and ila nlenatire — Rs 2,170 pee mile 

<b) Tar eurfaciny. 

Per mtle IC feet utde. 

Rs 

(i) First coat tar On wfttor bound macadam . , 2,400 

(li) Second and sub'eijiicnt coats . . . 1,600 


c.ooo 


<') i' p'emwd m<i(s. 
jncliidin’ s^al coat 
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iiEM 2— Ko*o. 

Snd lar these Joor miles bridge 

The Kabul Riiei .» e.o.scd by 2 J"^,"“i,g ^|,''/‘fbe=t’’p"'»S F”‘ '“ 

case trouble in 1930 tbrough scour, n; of IM tom 
Slher piers are liable to give similar trouble. 


Item 3.— G<ifn*8 Bo4d, 

... . i». The followiDg 

This is a tr.'iJ way unwetaUed motor road fitablise wi 
slops will he made— _ ^ lining the 

{!) At Dand—the descent into the necessity to gd 

cUBs with explosive It was an urge ascent is capable of ^P, 

quickly to Land Camp The alignment of ^ the operatic"* 

ment. but time did not permit any belter ejection was prohibitive 

A bridge here would be an advantage, but time ot 
(2) Top of Dani /*asi.— Looking back you *^§*^V*anjeU were tried before 
Note original path and remains of camel rw . 2 hours fro 

the camel road was improved and they reached this pisc 
Camp, killing 2 camels RaUray. ^ 

(31 Canefai iWUah —Site of water Supply Station Water Sopplj 

feet Length of pipe line 3i miles. Insfallation of tni 
saved one Battalion. i, C R S. Pro'^*^^ 

(4) Budihiit d/isnmenr— An old road discowed -by the • . of 

made 2000 years ago and in use op from thi* pot®^* 

general nature of the country and its difficulties B better bj 

(S; Tht iffuroppa— View of the Promised J^iTimiiossible as we weal 

cooing up the other side with the road but tt w 
have killed many camels and mules with the bias s- 


Nora —The causeways, which 
a 15 foot 6ood 


» of special design, are 


ielug *” 


Koies O'! THE Monawsiro Road. ^ 

1. The road was constructed from Pir Kala on the 

through Uahz Kor and Band to Ghal.iuai and 6 miles beyond to P eoontry- 

2. Total length — 20 miles It goes right through the I^wer f 
3 The road was constructed in two main stages — 

First • A raotorable road 14' wide without bridges, 

Second : A 2-way motor road 22' wide bridged 


Time of construction, first stage— 

Pir Kala to panel . , . . . 

Band to Qhalanni ..... 
Obalanal to Tuiuf Kbel 

Total 


, miles “ " • 

7 mile, 
omile. 

20 miles in St dejs 



to itiilr* jn i\ fuTtli<'r 30 or 6i in nil. 

Tlirro ait* IJO lifMc'"' "fi'l rwUrHa; Itiil iin ruirr tlian 21' apan. 

Hra^rnt for hijili ntfril nf ronaJmctifii w«*r<* tlia rapul nnil p»t1 orj;ar»i*ation of tha 
iriil tlio li’t:** nmount nf riUHlprn niarhinrry n^otl 

4 Ofynnfrtfinn 'Iho wniU wi« »1 mm* iimlor llio ilirrctinn of Ihe C U. E. Peshawar 
Pi'lnrl svlio ln<i n »1.in of 1 Vi<h! UnRin«cr. 4 Fx-ltl f!ncitui>r» and 2 Componiea 

K. 0 (> noiipil S^l'i'era nmf Minor* The total norha rtaff consisted of 3 Sub-Diri- 
I'cnil OITifor*, St Oxorsoorn arnl 23 Work* Mun*hi* toRothrr with the necessary OfTico 
?'tifT The Slorrs iiicinU\tion w»« workctl fn>tn Peshawar ntiil included the Advanced 
fn^'iiorr Park and tlic M E S Workahnjn nl that place and the MBS Saw Mills 
»t Nowsliora. 

,5 Tran»jtnrt ii*otl— ahrnit CO lorries i»er daj 

6 Tools 1**110(1 al’Oiit 30,000 of nil kind* 

Evp1o«ivo* 11* 'll — .\1*oiit 26 tons of Otiojiowdfr. Oclicmtc, Dynamite and Qnn- 
fnllon. Ilctoiiator* ^,000 and al>out 24 nidos of »af<ly fiirc 

8 nctweon 5 000 &iid 6,000 men w<rc omplojed conlin«oti<ly hy contractors, the Field 
KnRuicir and the Sippcr* and Miners There were 6 roid (onl'-acfors, each being 
Ri'cti a section and 3 Ilnilce Contractors Each contractor had one labour camp which 
"as Riiarded bj local srinrd trihe*men 

9 Itoad machinerj u«mI-- 


3 Tractors 
S graders 

1 auto patrol. 

< comjires'.ors 
1 scraper 

4 steam rollers 


SO pump* of *anou5 kinds. 
6 drag brooms 
6 road scrapers 
1 fire engiDe 
1 steam w'ater cart 
20 lorry water catts. 


Iteji 4 — Adoc*i Bnti>c.B 


Completed 1930 \ iliro pile piers Diiven 2l' i.elow cap level, an a^erage of 16' 

hchiw bid le%el I itrs No 6, 7. rtod 8 (fiom I’osliawar end) were scoured out in 
July 1932. Depth of Scour 25' M E S tun- dcred that the c.iuse was partly lack 
nf watciw.iy and aicontinglj the hnil}:* wa* lengthened liy 180 ft 

I'lve piers No* 23 24 , 25, 25 and 27 were siouied out in July 1954 These were 5 
out nf thft 6 new piers in the estemion The river in .i penoii of niuler 3 weeks 
changed the atiguineiit of lU dceji bed from one side to the other of the river hed 
'I he propos.vl* for repair .and improvement are — 

(i) To rct.aui 21 hajs, i f , practically whit remains of the bridge 
(C) To pul a four in tins length tn prnttit the piles from under scour, roughly 
following the usual pracluo in wcir design 
(3) To provide guide bunds to tlume the river and reduce concentration, the 
road on e.ach flank t>eing raised to guide bund level 


.If/rmofit e* are — 

(1) \ new hrid?o at a new site with either a weir type of foundstions or with 
' ’ deep well foundation- 

(2; A new bridge at the same site on deep well foundations 

regard* dee)> well foundations, tlie ralculited depth of scour is 35', so that, 
to he s.afe. the wells (or pile«) would have to go down 50* The sinking 
of such wells would onlv l*e po»sil1o hj the use of caissons snd compressed 
nir which would l>e prohihiliTelv expensive 

\ nf »'le 1* propo-etl and meml-ers are inviti-1 to erpre«s thetr viesri on 
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Item 6 — ^Tiib Khtber Road. 


A. I'eshatvar to Jamntd 9 

1. This section is Cis-rrontier, 

All these 9 miles ore trented Colas 

2. Mile 4 lins recently been remetalled and surfaced with Tar. A seal coal of Colai 
will late*- be applied; the idea being to obtain the ada-antages of the greater penetration 
of the Tar and a\oiding the disadvantages of a Tar surface, namely eventual ‘‘djung’ 
(evaporation of essential oil«) by means of the colei emulsion. 

3 On the first four miles there is 'ery heavy bullock cart traffic on the right hanc 
aide of the road only. Carts coming into Peshawar carry full loads and go out empty 
It is suggested that the right half of th’ road should have a higher specification than 
the left because of tin* Tlie frontier is crossed nt Jamrud. 


B. Tht Khyh^r Hood from JnniTVit to Lnndtj.hdoo 

1. There are two mads and a lailway between Jamrud and I/andikhaiia The Nortl 
road is the motor road and the South road is the caravan road 

The carvan traffic is very heavy and it would create impossiblo traffic conditions il 
this traffic u«ed the motor road In two or three places the two roads coincide, and 
24 feet width is given at these places. 

2 The yorth rri.sd i’ a two way surfaced road 16' wide metalling. 

Practically the whole toad is Colas surface painting It carries chiefly motor 

and no bullock cart traffic Mile 26 is Citnmuls painting and Miles 27 and 28 are Tai 
I'remiv hid in 1933 

3 Verv considerable savings base been made in tho maintenance estimates on this 
road by the provision of pro|>er drainage, nnd by Colas painting By proper drainage 
is meant the cnnstuKlioii of new retaining w.-»lls where slips oeonrred, enlargement of 
cMsling culverts and the provisnn ot new ones, .and the enlaigemeul of roadside drains 

Previous to 1931. the annual maintenance costs were Bs 5,000 per mile per ye^r» 
nnd !.ow they are Ils 1,500 per mile per year, and the road is about three times as 
good as before 

We consider that half the savings arc due to painting and h.alf to improved drainage. 

4 Other improvements made recently are the provision of 3 new bridges at 
Kataku«1ifa and Zintara, the large re alignment in Mile 15 and many smaller re- 
alignments and widening. 

In 1926 it took neaily two hours to motor from Pesb.-iwnr to Landi Kotal, and no"' 
the journey e.nn bo done m 45 minutes. 


Halts -ire siigge'ted at the following jdares • — 

1 Milr /T — At the lop of Ibo new retiming w.vll. Cost of (his 


1 Ils 15 000 The two reversing alatinns on the railwaj' can I 
ft good view of (he (wo roads is oldained, 

Alroro-The enlranre to Abnnsiid Hoige The Fort is seen a»_;Ove It « 
*aid tint wrliorver holds Alimssjid Fort holds the Khyber The 
been nntiy fightii fo» ilirsp impregn.sbio heights 

Knodoo~^.\ fin,, nver the Jlmdukusli range >*. r .n’i"!' 

Hash Fort is sent on (lie left .and in (ho foreground below is Hie olti 
klnra C.imp The white house m the distance is the Afgba 
at iorkham 


I Post Office 


Iirvf 7 — ItoSTs Rrii.nrn Avn Covtpp.rssnii 
a Irfiplmt (’hosle irnl l.ml.ler nil lehmenl filled to il This is n «lout steel 

Tb' wLv n'f il'' Wding. II e.,n also be lilted in the 

Tb. wbole of Ihe b1.de carrier frame is pivoted ftlsa„[ „ Imrirontal transverse nsls near 



while motor oinl other \«h!iles can liatcl on lo the caith road without inconvenience 
The ti.ickvvay Ins Im ii laid Jii .iciokI.uih* with Uic tliicc spctificatjoiis detailed below • — 

Sjinilicatioii .Vo /. — [Sec section .it lii^uic (1) sheet No. 1] : Length laid 1,320 
feet in fiirlongi 1 and 2 

Ihittoin course — ^Vld*h 2 feet \3 •iiili-'.. thiikiies'i 9 inches. Lime concrete with 
will Immt hritk halla^.t and 33 j>li nut., 3 to 2 Suikhi .and lime mortar. The brick 
halUst w.is bioken fiom well burnt biitks. 

Top couTsr — \\ ith 2 feet, thakiiex 3 inches Poitkmd cement concrete, 90 lbs 
iiment : 2 cubic feet local .«.ind and 4 eft. I'ath.iukot bajri, gauge 5/8 to 3/4 inch. 
This was laid in lengths of 25 fcit with 3/F inch oviiansion joints. Tliese joints were 
Idled with a niista i.oiiipov<d of equal pjit» of Mosphalto and cement and 5 jiarts sand 

I'lidtr (Mch joint, at the time of c iiistiuc tioii. ociiuiit cnnciclu was laid in place 
of lime loiiLitte tide longitudinal section 

t'pei.ificuiion .Vo 1! — Length 660 feet laid in fuiluitg 3 

Uotloni (ourm — Same as for specifiialioii Xo. I eiiept that the thickness is 4i 
inches 


'fop co/ll 


—Same as foi spoufitalion No. 1. 


» put m hand at the end of August and completed on 
d was opened to traffic on the 12lh As the original 


.\(i ///—Length laid 66C fwl m fai’ong 4. 

'Top c'iiiiti — Same as for epuiffcation N'o. 1. 

lUilluiii loiM'r — \s m >-pc« ifaation Ko 1. 

Top loiiiti - \s 111 vpudi.atiyii Xo I I\i«pl that a channel 1 foot 9 inches wide 
and 1 null dn ii wa-. (oiintii '■link in the <cniont tomiitt "lib which was later filled 
with a 1 null ‘iii.et ol I'l.mis >-i\. and .i hall ili.iin^ of 1 imh carpet was laid 
with l'u‘mi\ uiiniiOMd ol I’atlniikoli lujii giadcd fiom 1/8 to | inch and toatecl 

with 5 ])ci Mill of a ol miiuI n.iiU of .Mixphaltc and Shelmac. To insure 

good iniKing till' lujn was .iIm. ht.it<.d The Mcxphalte was heated to 3S0 F. whilo 
till Sliilmai was hoatid to 250 i' 

In one ihaiii iiisU id of l.ilumiii fnc p.r <cnt. of Hold Tar Xo. 2 was used. In 
a short luigth the sinfjie of the coniicte was painted at the rale of .12 cwt per 
100 Hft with Hoad lai Ko 2 and the Mixphalte rreiiiis hid otcr it. The object 
being to pioviilc a luiter loml Ixtwicii the conciete and the carpet. 

Conttrurhou — 'Tins work \ , 

the 9th KoMiiilici and the load was opened lo numt .... ..... •- — - ---f - , 

h. \ol of the load suiface was lower tlun ground le^cl, the road surface was raise*! 
about It feet in the centre and the iiitiie load width of 44 feet between drains was 
dre'-se*! to a toiituiuoui camhi r Thi< tarlh work was laid in 6 inch hyers and e. 
Incr was wattled and lolhd with a on> ton concrete bullock lollor When the roan 
fiiirntum i'a>s cm i v mdn.-ition nf Icing wrll tonsolulated tienches were dug lor 
Ihe trackw m an.l the bottom of the trenches were again well watered and ramroeu. 
Lime loiKiile was ihin I lui accoidiiig to P W 1). Rpeoificatioiw m these trencheH »t 
lasers iini esMi.hiig 41 luilw^ with all joints lirokea and it was svcll consolidateu 
wilh hmd lamiiii-is Wh. n the lime conento ..ct the nmoiil concrete wearing eoJt 
was laid Ih. Mm.nt coiarttc was kept wet for about JO to 12 d.iys after sy nch H 
was allowcil to .lis and the exp.m»ioii joints were filled with mastic und in the last 
furlong Ihi. .hanm'l iii tin- tontrcle svai filled with a 1 inch carpet of Premix. A 
liand rolhr was u«.»l f.,r consolidating the Pnniix. 

The u.t.ia! con uf . ul, tjjw of trackway isgisen on she. t Xo 2 hilow and from these 
figure-., the cost ju i mile his hem ilediac.t foi cieh epecificalion 

It i< loo < Ills to tij ik.. ans rilialde ioniiiients ns to whether lliH type of trackwaj 
will M.lse ihi prolil. ni of mikiiig unm.tall.d roads ^ultalde for raiU in all wc.aUiers 
It i«. how.s.r, il. II that in order to pns.ist the Ir.ukwaj it will he essential tO 

MiutiiiiMlIv iintc up till iirliwoik iHtWi.ii tin ti.icks .and on i-ach side, so as to 

i. ri,l..t the .dgis ivii.l II.. ii.iint.'i.aii.e i.f this m.y fa. so lo^lIy as to make this type 

uf tr.iVwas nupr... ti. iM. for tie ptir|«.M of ...iniMn-.m the i.«<l of different type* 

of imUilh.l 12' and 0' 1..S.' Jh.'ii lak. n out and it appears tint .i tr.ickway 

ntiv of til., al-ose si'icifiMitions is innrn txiuiisne Ib-ui ii O' wide mel.sllcd svatcr-lonncl 
rcv'i.J. scirf.ir.> li.atc.l with two ssnts of tar 'Ihe justifi. .ition fur trackways must lie 
in loss iiiaitit.nanio rusts. 
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No, 2. 

ComjtnrtJitix Slatcir>'nl oj (Otif of Trafltcnti Iniil on Artfr{tjl Hooil A'o. .IJ, vixmetnUcH, 

r\c‘'r Jtirfinuiilii in the LyuUpur Dislnct 


Eirial 

Ko. 

Ufm* ’VorVs 

Raio 

1 

SpjW Ihranon 

No 1 

(Length llKi). 

SpciiScalicti 

No i 

tl.onzthCC') 

Syocificaltoii 

ILfnithCCO) 


1 


■Inimilj j 

, Amoniit 1 

jttaanlity 

Aiiionnl 

Quantity 

Amnant 


1 

I 


Ch ] 
1 

1 ' 
1 

Cfl 


1 

1 eft 


1 

Earthwork lor roatl tmhink- 

1 0 0 

1 tD.axi 

1 J17 

’V"’ 

irs 

19,000 

u. 

I 

Eittntioo ra toarditlnai . 

too 


1 •* ' 

1 

7 

!,970 j 

U 

3 

1 Lima coBcro^i > • 

33 8 u 

4.”‘3 

I.IOI 


^4' 

v,,| 

MH3 

4 

Cetnrnt Coitcrfi* work 

o: 0 0 

1 W 

••‘■’I 

7 r 



W1 

‘! 

Prrmix 1 " thick . . . 

left 


1 

1 

1 

1 

1 

, lOj 1 

, 191 

6 ' 

Euooriiiton wotL I'harsdl 
ctlabli.hincnt 


Jot> ' 

1 

to \ 

1 

Job 

?<> 

1 

Job j 

8' 





1 


V.. 

1 

I.ISO 


D-D Conlnclor’a Ahitfmcot 

1. t. 0 

1 

1 

«'l 


r.i 1 

1 

i 

?rn 


Tclil 



I 

1 


5 1) 


4.5JI 

1 

of trackway »t"'O'l‘cat>0r> 

No. 1 for one mile 


P MileOiirt 


1 

1 



J 

Coat of irackwar ayMScs- 
tloii No S for cor mile 

j 

1 

' 

1 

1 

I' Mil> 




9 

i i C«t of trickwit aT^i'fi- 
tlon No 3 for c-r mil 

1 

; 



1 

1 

r vii 

c*.ns 


QIPD KTConKnsDoflv^I,— 29-7'S* — ^750. 






